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MANUFACTURING RESEARCH AND EDUCATION

TUESDAY, MAY 12, 1992

HOUSE OF REPRESENTATIVES,
COMMITTEE ON SCIENCE, SPACE, AND TECHNOLOGY,

SUBCOMMITTEE ON SCIENCE,
Washington, DC.

The subcommittee met, pursuant to call, at 9:35 a.m., in room
2325, Rayburn linuse Office Building, Hon. Rick Boucher (chair-
man of the subcommittee), presiding.

Mr. BOUCHER. The subcommittee will come to order.
This morning the Subcommittee on Science will address the

highly important question of how to strengthen research and edu-
cation in engineering design and manufacturing at. American uni-
versities. We will review recommendations from two separate stud-
ies of the National Research Council and address the plans and
programs of the National Science Foundation and other Federal
agencies that fund research relative to these recommendations.

From the mid-1940s until the 1960s, U.S. industry dominated
world markets in manufactured goods. But by the 1980s, the com-
mercial success of Japanese and European consumer and high tech-
nology products caused many U.S. firms to lose significant share in
both international and domestic markets.

The success of foreign companies has been due less to their being
first to market with rew products than to offering the most reli-
able version- of a product with the features that are most in
demand and at a competitive price. Consumers, who have come to
expect products having no defects and high reliability, have re-
warded companies that excel in making incremental improvements
to products at a faster pace and at a lower cost than their rivals.

Our economic competitors have made effective uses of advances
in manufacturing and engineering design to gain an advantage in
the international marketplace, but U.S. industry has been slow to
embrace manufacturing innovations. Contributing to this problem
has been the failure of American universities adequately to pre-
pare engineers with skills in advanced manufacturing and design.
Research in these fields has also been largely neglected by univer-
sities and there has been a tendency on the part of industry to
ignore even that research which is carried out.

The studies of the National Research Council conclude that
major reforms are needed in engineering education. Both reports
stress the important interdisciplinary aspect of instruction in
design and manufacturing and the importance of closer connec-
tions between engineering schools and industry.

(1)
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To make major changes, engineering faculty will need to devote
significant time and intellectual effort to the development of cur-
ricular materials and new teaching techniques. Since the current
faculty reward system mainly values research accomplishment and
success at generating grant support, one of the questions that we
will be asking this morning is whether engineering faculty can be
expected to support the effort that will be needed to institute major
and sweeping changes in engineering education.

The NRC studies also present specific research priorities in engi-
neering design and in five critical areas of manufacturing. We have
asked the witnesses to comment on how changes in Federal plans
and programs at agencies such as the National Science Foundation
that will be needed in order appropriately to address these recom-
mendations.

The connection between cutting-edge capabilities in manufactur-
ing and societal well-being is so direct that it is difficult to imagine
a stronger candidate for Federal support than the field that we are
addressing this morning. The deficiencies in research and educa-
tion in engineering design and manufacturing that have been
brought to light argue for immediate and effective remedies. In
consequence, we will seek from our witnesses today assessments of
whether the resources currently planned for this task by the Na-
tional Science Foundation and other agencies are adequate and
whether the focus of current and planned research and education
programs is properly targeted.

We welcome our witnesses this morning. We will look forward to
your testimony on this important subject. And before calling on
this first panel, I would like now to recognize the ranking Republi-
can member of the subcommittee, the gentleman from California,
Mr. Packard.

Mr. PACKARD. Thank you, Mr. Chairman.
The connection between advanced manufacturing and U.S. com-

petitiveness is undeniable. We need only to look to the successes of
our international competitors, especially the Japanese and the Eu-
ropeans, to verify this critical link.

To compete in the world market and excel as we did in the post-
World War II era, the U.S. must develop advanced manufacturing
technologies and educate the future work force that will utilize
such technologies.

There is a growing awareness of the importance (If manufactur-
ing and engineering design research in the 'U.S. Today we will
review two recent reports by the National Research Council on the
state of research and education in this area. We will also look at
current NSF programs to improve manufacturing design education
and research as well as the new programs focusing on advanced
manufacturing which has been proposed in the fiscal year 1993
budget request.

This hearing provides an excellent opportunity to review the rec-
ommendations of the National Research Council and the programs
at the NSF.

I welcome the witnesses and look forward to a very productive
session.

Thank you very much, Mr. Chairman.
Mr. BOUCHER. The Chair thanks the gentleman.
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The gentleman from Oregon, Mr. Kopetski.
Mr. Komrsia. Thank you, Mr. Chairman. I do not have an open-

ing statement.
[The prepared opening statement of Mr. Costello follows:}
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MR. CHAIRMAN, THANK YOU FOR CALLING THIS HEARING. i AM PLEASED

TO BE HERE TO DISCUSS THE IMPORTANT TOPIC OF MANUFACTURING

RESEARCH AND EDUCATION. I WOULD LIKE TO TAKE THIS OPPORTUNITY

TO WELCOME OUR EXPERT PANEL OF WITNESSES. I AM LOOKING FORWARD

TO HEARING THEIR TESTIMONY.

WE KNOW, FROM THE POST WORLD WAR II PERIOD UNTIL THE 1960S, U.S.

INDUSTRY DOMINATED WORLD MARKETS IN MANUFACTURED GOODS.

HOWEVER, BY THE 1980S, THE COMMERCIAL SUCCESS OF JAPANESE AND

EUROPE?: CONSUMER AND INDUSTRIAL HIGHTECH PRODUCTS CAUSED

NUMEROUS FIRMS IN THE UNITED STATES TO LOSE SIGNIFICANT DOMESTIC

MARKET SHARE. IT IS MY UNDERSTANDING THAT A REASON FOR THIS

DECLINE IN U.S. MANUFACTURING IS INFERIOR QUALITY ENGINEERING

DESIGN.

I AM INTERESTED IN ADDRESSING TODAY THE DEFICIENCIES IN THE

TRAININC. OF AMERICAN ENGINEERS. I AM INTERESTED IN HEARING THE

RECOMMENDATIONS THE PANEL HAS FOR STRENGTHENING MANUFACTURING

AND ENGINEERING DESIGN RESEARCH AND EDUCATION AT U.S.

UNIVERSITIES.
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AGAIN, KR. CHAIRMAN, THANK YOU FOR CALLING THIS HEARING. I AK

LOOKING FORWARD TO AN INSIGHTFUL DISCUSSION OF OUR NATION'S

NEEDS IN THE AREAS OF MANUFACTURING RESEARCH AND EDUCATION.
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Mr. BOUCHER. We would now like to welcome our first panel of
witnesses:

Dr..J.B. Jones, the Co-Chairman of the Committee on Engineer-
ing Design Theory and Methodology for the National Research
Council and, I am pleased to say, a distinguished professor of engi-
neering at Virginia Tech, which is located in the Chair's congres-
sional district.

Mr. Gary Markovits, member of the Panel on Rapid Product Re-
alization Process, Committee on Analysis of Research Directions
and Needs in U.S. Manufacturing, of the National Research Coun-
cil.

And Dr. George Dieter Engineering Deans' Council of the Ameri-
can Society for Engineering Education, also Dean of Engineering at
the University of Maryland.

Without objection, your prepared statements will be made a part
of the record, and we would welcome your oral summaries.

Dr. Jones, we will begin with you this morning.

STATEMENTS OF DR. J.B. JONES, COCHAIRMAN, COMMITTEE ON
ENGINEERING DESIGN THEORY AND METHODOLOGY, NATION-
AL RESEARCH COUNCIL, AND RANDOLPH PROFESSOR EMERI-
TUS, DEPARTMENT OF MECHANICAL ENGINEERING, VIRGINIA
POLYTECHNIC INSTITUTE AND STATE UNIVERSITY, BLACKS-
BURG, VA; GARY MARKOVITS, MEMBER, PANEL ON RAPID
PRODUCT REALIZATION PROCESS, COMMITTEE ON ANALYSIS
OF RESEARCH DIRECTIONS AND NEEDS IN U.S. MANUFACTUR-
ING, NATIONAL RESEARCH COUNCIL, AND VICE PRESIDENT,
SAVANT SOLUTIONS CO, WAPPINGERS FALLS, NY; DR. GEORGE E.
DIETER, ENGINEERING DEANS' COUNCIL, AMERICAN SOCIETY
FOR ENGINEERING EDUCATION, AND DEAN OF ENGINEERING,
UNIVERSITY OF MARYLAND, COLLEGE PARK, MD
Dr. JONES. Thank you, Mr. Chairman.
Mr. Chairman, members of the subcommittee, I appreciate

having the opportunity to testify here and to point out just some of
the key findings of this report of the NRC, "Improving Engineering
Design: or Designing for Competitive Advantage."

It is well-known now that manufacturing competitiveness, clear-
ly a key to economic vitality of the Nation, depends on three things
in products: first, high quality; low cost; and timeliness to market.

Now, engineering design is critically important for all three of
these, and it has a very high leverage on them. You cannot manu-
facture quality into a product or inspect it in or test it in. It has to
be designed in. Over 70 percent of the total final cost of a product
is committeddeterminedduring the design phase. And likewise,
the time to market is essertially established during the design
phase.

The best design practices, though, are not widely used in Ameri-
can industry. Those firms that do succeed very broadly, though,
always do certain things well, and one of these is to use advanced
design practices. These advanced design practices require a steady
infusion of new knowledge, and this knowledge can only be provid-
ed by research and education.

1 0
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Design education in this country is broken. Despite the great
strengths of engineering education in many aspects, typically the
engineering design part is weak. This has been noted more and
more frequently recently in print by leaders from industry as well
as some academics. Now the initiative for improving design educa-
tion lies with the schools, no question about it, and the report does
spell out several steps that need to be taken.

The need for design research comes from this fact. Surprisingly,
we do not know how best to design for certain goals: design for
manufacturing, design for assembly, design for field repair, design
for the environment, which is becoming more important. We need
new knowledge, and it will not come fast enough as a spin-off from
ongoing design activities. Also, if you depend on the practices that
are developed by other companies, especially competitors, you are
guaranteeing that your firm will never be a leader.

Therefore, intense focused research in engineering design is
needed to develop the new knowledge, and the report presents
what I think is a rather well-thought-out, structured research
agenda.

The general reaction to the report has been quite favorable. It
has been commented on widely in the engineering literature.
Entire sessions of engineering meetings have been devoted to it.
And, in fact, there are some entire conferences that are taking as
the theme of the conference this report.

There are a number of recommendations. I am going to touch on
only three of them. One of them is a recommendation that NSF
should propose and Congress should fund an initiative in engineer-
ing design to support a large increase in design research and a
greatly increased interaction between universities and industries.
Although design is usually coupled with manufacturing, there are
great needs for improving the engineering design process itself.
Therefore, the z ecomrnended initiative should not be subsumed
under some other heading such as "Manufacturing."

What should be done? The research that we recommend is
spelled out in the research agenda in the report. Funding would
start at, initially, $6 million, increase so that in 4 or 5 million-4
or 5 years it would be at a level of $20 million annually. Now,
these figures were arrived at by carefully studying both the need
for design research results in industry and the design research ca-
pability in the country.

Engineering design research in this country has been neglected
for many years. At the same time, design practice, the high-lever-
age key to manufacturing productivity, urgently needs the revital-
ization that the research results can provide. So you put these two
things together and the impact of these relatively small sums of
money can be enormous. No other investment of this size has the
potential to increase competitiveness and thereby provide more
jobs across the manufacturing industries.

The design research supported by this initiative should require
two things a little bit different from the normal academic research.
One is there must close, long-term interactions with industrial
firms in defining research topics and strategies and in evaluating
results. And secondly, there must be prompt publication of these
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results where they count, in periodicals that are read by design en-
gineers in industry, not just in the scholarly journals.

Now NSF generally does a very good job, so no suggestion is
made for changing its general approach or goals. The initiative for
engineering design is intended to establish a sound basis for a new
area of research vital to the Nation's mid-term and long-term eco-
nomic growth.

I will mention just briefly two other recommendations. One is for
a National Consortium for Engineering Design to perform several
functions. The committee studied this, conceived several models for
its organization, and decided the best thing to do is make an in-
depth evaluation before moving. So the recommendation is that the
Department of Commerce and the National Science Foundation
jointly, with the assistance of people from industry and academia,
study the possible structuring and operation of such a consortium.

The final recommendation I will mention is one for a Design
Education Clearinghouse. Although the improvement in design
education needs to come chiefly from the institutions themselves, a
good deal of help can accelerate that process. So we do recommend
the formation of a clearinghouse, not as a permanent organiza-
tionperhaps as something that might be taken over by the con-
sortium, if it is formedbut rather something that over the next
few years would accelerate the improvement of design education.

The report makes several other recommendations, but the NSF
initiative for engineering design is the most urgent of these. It can
clearly provide the basis for improved manufacturing competitive-
ness of American industry.

I thank you very much, and I would be happy to address any
questions.

[The prepared statement of Dr. Jones follows:]

12
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Mr. Chairman and Members of the Subcommittee:

Thank you for the opportunity to testify on engineering design research and
education and to highlight the findings of the National Research Council report,
Improving Engineering Design: Designing for Competitive Advantage

Manufacturing competitiveness, which is a key to national economic vitality
requires In products (1) high quality, (2) low delivered cost, and (3) timeliness to
market.

Engineering design is critically important to and has a very high leverage on
all three of these elements. Quality cannot be manufactured In, Inspected in, or
tested in; it must be designed In. More than 70 percent of the total delivered cost of
a product Is committed during the design phase. Likewise, timetomarket is largely
determined by design. Still, the crucial role of design as part of the total
manufacturing enterprise is sometimes missed because people see only the readily
visible Part; that is, the part that occurs 'xi the factory floor. Most of the production
costs are Incurred during the factory operations, but how much money is spent and
how effectively it is used le determined during the engineering design.

The National Research Council report, improving Engineering Design:
Designing for Competitive Advantage (National Academy Press, 1991), addresses the
state of engineering design practice, education, and research in tis country.

Overylew of report. Improving Engineering Design

Design Practice. A clear finding of the report is that the best design practices
are not widely used in American industry. Those firms that are broadly successful
always do the following four things well: (1) They commit to continuous improvement
of products and also of design and production processes. (2) They establish a
corporate product realization process (PRP) supported by top management. (3) They
develop and/or adopt and integrate advanced design practices into the PRP. (4)
They crests a supportive design environment. These steps all bear on design, end
doing thern\well requires a continual supply of new knowledge that can be provided
by research and education.

The product realization process (PRP) that is mentioned frequently in the
report Is the overall process by which new and improved products are brought to
market and supported. It includes determining customer needs, designing products,

14
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designing production and support processes, and carrying out those processes.
The PRP Is the means lo. bringing the talent of all the people In the firm to bear on
contnual product improvement. The PRP is known by different names In various

ferns. but those that use design successfully all have some process of this sort

Sometimes, the term 'Manufacturing' is used to refer to the entire PRP,
:noluding design. At other times, 'manufacturing' refers only to that part of the PRP

that occurs on a factory floor. This double. usage causes confusion. Moreover. It

can distract attention from the critical and high-leverage function of design Itself.
Oes!gn practice must be Improved in various ways, including some that are not
closely coupled to manufacturing.

gitillialdmatio. Undergraduate and graduate engineering education is tho
foundation for. successful practice, effective teaching, and relevant march In
engineering design. Despite great strengths in many areas, engineering education is
typically weak in design. Leaders in industry as well as some academics are making

this point In the engineering literature with increasing frequency.

The Initiative for improving design. education lies doily with educational
institutions. Such Improvement will require: recognition of the deficiencies of design
education, strong high-level leadership in establishing goals for design education,
development of metrics to measure progress, increased Interaction between
industrial firms and academia, and extensive training programs for design teachers.
The report makes seversl recommendations for improving engineering design
education.

lhaignikeaugh. Surprisingly, we do not know how best to design for many
needs: design for assembly, for manufacturing, for maintainability, for field repair, for
the environment. We mod new knowledge. It will not COMIt rapidly enough as a
spin-off fre;'n ongoing design activities, and. using design methods developed by
othem Woven a in *way* to a trailing position. intense focused research is
neetisci.O. develop the new knowledge. Thesspon presents a structured research
agenda.

The report make* recommendations In all three areas: practice, education,
and research. 1 Wlii °LON, eon% of these later.

BEST COPY AVAIL LE
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Ramona, to the report

The report has been commented on widely In the engineering literature and
has been the subject of numerous art,des. Sessions at engineering meetings have
been devoted to It, and it has been chosen as the theme of entire conferences. Two
of the series of satellite television courses presented by the National Technological
University have been largely based on the work. Members of the committee that
prepared the report have spoken on It at several universities and professional society
meetings.

Reactions of Industrial representatives, engineering educators, and design
researchers have been highly favorable. Many have stated their intentions to
implement various recommendations of the report. It is too early to judge the extent
of implementation.

Recommendations

1. Initiative for Engineering Design

NSF should propose and Congress should fund an Initiative for Engineering
Design to support both a large Increase in design research and greatly Increased
university-Industry interaction In engineering design.

Although design must usualiy be closely coupled with manufacturing, there
are great needs for research In improving the design process itself. Therefore, the
recommended Initiative should address those needs and not be subsumed under
some broader heading of which design is only a pert.

Funding should strut at $8 million for the first year and increase to a level of
820 million annually In five years. These figures were arrived at by carefully studying
both the needs for design research and the design research capability In the
country. (For comparison, although support for research in engineering design Is
not spelled out clearly in the current NSF budget, It appears that expenditures for
such research are currently less than 31.5 million, down from approximately $3.4
million three years ago.)

Engineering design research in this country has been neglected for many
years. At the same time, design practice -- the high- leverage key to manufacturing

3
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competitiveness urgently needs the revitalization that research results can provide.

Consequandy, the impact of these relatively small sum, of money can be great. No

other investment of this size has the potential to increase competitiveness and

thereby provide more jobs across the spectrum of manufacturing industries.

Design research clearly requires such an initiative. it will be exceedingly

difficult, if rot impossible, for NSF, the logical funding agency for this research, to

allocate substantial funds from its regular budget for this purpose. Various NSF

constituencies will not willingly accept funding cuts in their areas, and the "proposal

pressure' that drives some reallocations is unlikely to be strong in an area having a

short history and limited past funding.

The ceslgn research supported by this initiative should require

(1) close, long-term Interactions with industrial firms in defining research topics

and strategies and in evaluating resul,

(2) prompt publication of results in periodicals widely read by design

engineers In Industry, not just In scholarly journals.

Leadership of the engineering design program within NSF should be provided

by personnel identified with engineering design.

NSF provides strong leadership In a number of research areas, and no

suggestion is made for changing NSF's general approach or goals. The Initiative for

Engineering Design is intended to establish asound basis for a new area of research

vital to the nation's mid-term and long-term economic growth.

2. National Cormortiurn for Engineering Design (LACED)

The NIX report discusses the creation of a National Consortium for

Engineering Design for several purposes, including

gathering and disseminating Information or international best engineering

design practices;

transferring existing and new design knowledge, especially in the form of

software, Into industry and academe;

4
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performing precompetItIve research to Improve design methods and tools;

promoting industry university-government collaboration In research and
education.

The committee studied possible models of such an organization and
concluded that an in-depth oveluation of several akemativve should precede the
formation of a consortium. The Department of Commerce and the National Science
Foundation, with the assistance of industrial and academic repreeentedvss, should
jointly study the possible structuring and operation of such a National Consortium for
Engineering Design.

3. Design Education Cloaringhottes

Although improvement in engineering-design education must be initiated by
educational institutions, their efforts would be much facilitated In the short term by e.
design education clearinghouse that would

collect inforrlatIon on beef design practices and research worldwide;

facilitate the synthesis of this material into textbooks, problem sets, case
studies, descriptions of modem design theory and practice, video tapes, computer
softwarc course outlines; and candidate curricula;

publish reviews of design research, teaching methods, and software tools;

facilitate the adoption of standards for use In design.

The Clearinghouse is not envisioned as a permanent organization, and Its
functions might well be absorbed by the National Consortium for Engineering Design
if the Consortium Is established.

Thireport, Improving Engineering Design, makes.several other
recommendations, but I have outlined Item only those directed to Federal agencies.
The NSF Initiative for Engineering Design Is the most urgent of these. It dearly can
Provide the basis for Improved manufacturing competitiveness of American firms.

This concludse.mY statement, and I would be pleased to address any
questions you may have.
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Mr. BOUCHER. Thank you, Dr. Jones. We will have questions.
First, we will hear from the other two panel members.

Mr. Markovits, we will be pleased to proceed with your testimo-
ny.

Mr. MARKovrrs. Good morning, Mr. Chairman, and members of
the subcommittee. Thank you for the opportunity to report to you
on the results of the Committee on Research Directions and Needs
for U.S. Manufacturing.

The committee tried to consider four to five areas of advanced
manufacturing technology, and we had three criteria in selecting
those areas. Number one, the area had to have widespread benefit
to multiple industrial applications. Two, it had to promote funda-
mental change in the management practices and culture, because
we don't believe that we are going to achieve the maximum bene-
fits in terms of productivity and yield without those changes ac-
companying the hard science changes. And three, any projects that
were recommended on the basis of these areas had to expand the
scientific research relevant to manufacturing processes and prob-
lems, and had to take an interdisciplinary approach and encourage
more rapport between researchers and practitioners. It had to
break down the walls between academia and the manufacturing
line.

There were four technical areas that were, and they are four
areas that we recommend that more research be done in. One is
rapid product realization, the processes and practices that will help
this country and its manufacturing companies deliver more prod-
ucts, more innovative products, higher quality products in a short-
er period of time.

The second one was intelligent manufacturing control. More and
more as we look to the future and we look at what our products
look like they have a higher and higher intellectual content. More
and more information is required to manufacture those. Intelligent
manufacturing control is the sensor technology and other advanced
manufacturing technology which basically provides the autonomic
nervous system of your manufacturing line. It will provide us with
all of the information that we need to understand what it is we are
actually producing and how we are producing it.

The third area that we chose was equipment reliability and
maintenance. It is very important that if you are going to take and
transfer the factory into a learning organization that you have as
stable an organization as possible. To get those high quality yields,
to get as many learning cycles as we can out of our manufacturing
organizations, we need to have stable, reliable equipment.

And the fourth technical area that we chose was advanced engi-
neered materials. We believe that in the future advanced engineer-
ing materials will provide properties far beyond anything that we
could imagine today that will enable us to enter marketplaces that
we've never even dreamed of.

Finally, when we got done selecting the four technical areas we
chose one more area which we thought was really the foundation
and underpinning of all the others, and that was manufacturing
skills improvement. Our feeling today is that the work force that
we have is inadequately prepared to participate in the advanced
manufacturing technology lines of the future.
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In fact, if we were to characterize the transformation, what we
think should happen is that manufacturing has to go from a craft
to a science as our products have greater and greater intellectual
content. You can pick on any product you want to look at, whether
it be the Boeing 777 or if you look at something like Intel's 1-486,
all these have much higher intellectual content than products of
the past. We have to have a better prepared work force. The impli-
cation is that they have to be skilled in multiple disciplines and at
a much higher level than they are today.

You know there was a report in the Economist that said a
sample of 20-year-olds, said 60 percent of those 20-year-olds could
not add a lunch bill. Sixty percent of them cannot read a road map.
You can't have that. In IBM where I've done some work what we
found was that the level of education that we needed for the tech-
nicians on a semiconductor line has risen from a high school gradu-
ate equivalent to the equivalent of a second-year AS degree. So the
implication is that we must raise the level of education.

And it's important. Because if you take a look at an advanced
manufacturing technology it's going to have a tremendous impact
upon us. I think that before Mr. Boucher or Mr. Packard talked
about the comparison between our industries and the Japanese in-
dustries. If you just pick one, if you just pick metalworking, you
will find that with the advanced manufacturing :Rehm logy that
the Japanese use in metalworking that they have only one-fifth the
labor required, one-half the number of machines required that we
require in the U.S., they have 20 percent higher utilization of their
machines, they have almost 100 percent delivery on time, and they
have less than 2 percent unscheduled down time, and their quality
is tremendous, as you noted before.

Advanced manufacturing technology makes the difference, and it
makes the old modes of manufacturing obsolete and it makes the
old education obsolete. In fact, the paradigm shift that has to
happen is we have to look at the manufacturing line as a learning
organism. And I think that when we introduced Taylorism in the
1800s we went and actually eliminated learning for new manufac-
turing lines. We said, "We're going to break these jobs down into
such small sections that anyone can do it," and that was fine when
we had to integrate a lot of immigrantswe had to integrate a lot
of immigrants into our manufacturing line. But that is not the di-
rection we need for tomorrow.

Successful organizations will be total learning organizations, and
learning will occur at every step in the product life cycle from con-
ception to consumption. The factory, as well as the R&D depart-
ment, has to be involved in that learning.

Along the way, as was mentioned, measurements are very, very
key. You mentioned that the measurement system drives people in
the universities to go after grants. Well, the measurement system
that we have today in manufacturing is really a remnant from the
19th century and is aimed primarily at financial measures. We
have to do studies to understand how we put in place measure-
ments that are going to address skills, competencies, the value of a
company's technology, how it uses time, what's the company's
learning cycle and how rapidly can it learn. Because as quickly as
a company can lean, that's how it's going to make those incremen-
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tal improvements that you were talking about, Mr. Packard, that
will makeleading to higher quality, better products that custom-
ers are going to buy more frequently, and that's the strength in the
manufacturing organization.

Steps for change: I think (1) that we have to restructure the orga-
nization to support learning and experimentation in the factor
this is the factory as a laboratory idea; and (2) we have to develop
new methods of performance measurements and process life-cycle
costing.

Now, in the report that the committee generated, "The Competi-
tive Edge"it's documented in this book herethere are many
recommendations as far as detailed research to be done in things
like sensor technology and adaptive knowledge bases. I won't go
into those in detail. You can read those in the book.

But what I would like to say is, I would like to close and talk
about the character of how that research has to be conducted.
There has to be both a fundamental change in the methods and not
only just the kinds of research. The typical laboratory experiment
that's concerned with absorbing a piece of the system is done in a
very controlled environment. The notion of control itself is of con-
cern in the factory, and the performance of an integrated produc-
tion system can only be evaluated by observing the system as a
whole in the factory. And so what I implore you to do is when you
fund your research the research should be such that it is deeply
intertwined with and works with the factories. It shouldn't be re-
search that's done somewhere in academia in isolation. It should
support a close rapport between the academicians and between the
manufacturing practitioners.

Thank you.
[The prepared statement of Mr. Markovits follows:]
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Goals

The Committee on Research Directions and needs in U.S. Manufacturing was chaired

by Dr. Cyril M. (Sonny) Pierce of GE Aircraft Engines. The goals of the committee

were to:

o Identify and Prioritize Manufacturing-Related Technologies to Produce a

Conprehanive National Research Agenda.

o Conduct a Series of In-Depth Analyses of Some of the Technologies and

disciplines in that Agenda.

Criteria and Agenda

Tc cocus committee efforts, three criteria were applied to select the technologies for

in -opth analysis.

- The technology must have wide benefits across multiple industrial

applications and provide capabilities or experience that can lead to broad

improvements in manufacturing operations and competitiveness.

- The technologies should promote fundamental change in management

practices and culture to achieve maximum benefits.

- Any recommended project should expand scientific research relevant to

manufacturing processes and problems, take an interdisciplinary approach,

and encourage closer rapport between researchers and practitioners.

The four advanced manufacturing technology areas selected were

- Rapid Product Realization Process,

- Intelligent Manufacturing Control,

Cotrunktce on Scionoe. Space and Technology 2 May 12, t992
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Impikatioar for Workforce

One implication is that manufacturing will require a work force possessing

multi-disciplinary skills of a much higher order. The committee is concerned that

today's educational system is not producing sufficient numbers of graduates possessing

such skills. This was the impetus for adding the fifth special area, 'Manufacturing
Skills Improvement", and is the focus of several recommendations for NSF research.

Learning Organizations

In the last century Taylorism was introduced into the American manufacturing system

as a means of absorbing thousands of non-Englisn-speaking immigrants from largely

agrarian societies. While highly successful at the time, its legacy has been to eliminate

learning from the American factory. In the classical hierarchical American firm,

learning is the domain of the research and development organizations. Factories are

for "doing", not learning.

Successful organizations will be total 'learning organisms". Learning will occur at
every step in the product life-cycle, from conception to consumption, in the factory as

well as the R&D department.

Soft and Hard Science

While the firms that succeed will be characterized by advanced manufacturing
technology that integrates their people, processes, and products, the committee wants

to emphatim that "hard" science or technology alone will not suffice. Advanced
manufacturing technology will seldom yield the anticipated flexibility and productivity,

unless corresponding changes are made in the organization. Basic changes must be

made in the processes, structure, and attitudes that are common in engineering
management. In engineering, manufacturers must strive to improve interaction among

design engineers, production engineers, and marketers. Managers need to reevaluate

common management practices and tools, such as accounting methods, investment

criteria, inter- and intra-firm cooperation, and relationships with customers, to ensure

Comminee on Science. Space and Technology 4 May 12. 1992
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that all the firm's resources, including manufacturing, constantly are driven to
improvement.

Information, Integretion & Intelligence

The committee considered four specific technical domains; Rapid Product Realization,

Advanced Engine led Materials, Intelligent Manufacturing Control, and Equipment

Reliability and Maintenance. It identified an advanced manufacturing technology

paradigm common to all four domains information, integrated with business

functions, achieves various forms of intelligence which are the source of competitive
advantage.

Intelligent manufacturing control technology establishes the "central nervous system' of

the corporation, providing information on the state of the product, process, people, and

equipment. Combined with information on the business strategy, product design,
markets and costs, the appropriate business functions derive the intelligence from the

relations between these data that generate a comretitive advantage.

Beliefs; Values, Gosh & Skulk

The same paradigm applies to "Manufacturing Skills Improvements. Career esteem,

basic literacy, management skills, communications, teamwork, and group dynamics are

all forms of information that, when integrated through the proper business functions,

become the foundation of a highly adaptive work force. Such a work force will be
'capable of operating in the complex human-machine cooperative systems environment

that will typify advanced manufacturing.

The committee believes current value systems, implicit in the measures of

performance, are inappropriate. Devised in the nineteenth century, these primarily
financial measures are incapable of assessing skills and.competence levels of a

corporatibn, the relative effectiveness of its technology, the value of knowledge gained

through crlitinual refinement of its products and processes, its use and conservation of
time, or the long term impact of rapid learning-cycles. Increasingly, the product of

Colosimo cm Seism, Some art Tothoology S May 12. 1552
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manufacturing is knowledge. Advanced manufacturing technology will accelerate this

trend.

Products are no longer simply discrete physical objects; they are that and all of the

people, processes, and information that surround them from conception to

consumption. Boeing's 777 will be designed, built, tested, marketed, and sold as

much in the form of a 'product image', in the 'meta- factory' of the computer's

information plane, as in the real physical world. Intel's 486 micro-processor is a

product that is almost pure knowledge. In fact, its value can only be realized in the

information plane, its few grants of silicon having almost no value when separated

from the information systems it powers.

How measurement systems value such capabilities will profoundly influence the rate of
progress of American manufacturing competitiveness. If we fail to value and fund our

ability to manufacture new knowledge, to develop the learning organization" and the

leaching factory", Amtrican manufacturing will almost certainly loose its competitive

edge.

Steps for Changing

The committee believes the barriers to manufacturing competitiveness are not
insurmountable. To use the enormous amount of information that is avalable to

achieve integration and intelligence in the factory, however, it will be necessary (I) to

restructure the organization to support learning and experimentation in the factory (the

notion of the factory as laboratory), and (2) to develop new methods of performance

measurement and process/life-cycle costing that will enable management to evaluate

problems, process improvements, resource utilization, and production management in

economic terms. Some industries are already moving on dive fronts.

Recommendations

The recommendations of the five panels reporting to the committee can be categorized
into domain specific research recommendations, and those related to education and

learning for the workforce, management and the organization.

Comtism on Science, SPA and reciinology 6 May 12, 1992
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In domain specific categories, the panels' recommendations include research in:

- Developing technique-oriented communication standards,

- Sensor technology for data integration, pattern recognition, and actionable

models,

- Adaptive knowledge bases of design, manufacturing, and management,

- Dynamic models of manufacturing,

- Use of human-machine interface to facilitate learning

- Integration of processing methods into design and development of new

materials,

- Integration of materials-specific issues in manufacturing paradigms,

- Definition and development of standards for intelligent product images,

- Requisite connections between product, process, and factory images.

Recommendations related to education and learning include research in:

- Basic literacy,

- General engineering knowledge and communication, team, and group

dynamic skills,

- Cultivation of apprenticable and job-specific skills in the workplace,

- The factory as a laboratory,

Committee on Science, Space and Technology

28

7 May 12, 1992
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- Knowledge-based mganizational sbuctures,

- Performance measurernents.

Implicit in the research topics identified by the panels is a need for change

in both methods arid kinds of research. The typical laboratory experiment is concerned

with observing a piece of a system The notion of control, taken fa granted in the
laboratory, 3 itself the object of experimentation in the factory. The performance of

an integrated production system
can only be eva/uated by observing the system as a

whole in die factory.

The fntory as laboratory is the new research imperative. It implies new ways of

doing reseatth, new forms of collaboration across functions and engineering
disciplines, and cooperation between academic scientists and industrial practitioners.

Therefore, development of an architecture for /earning is critica/. Now to sponsor and

promote the needed new forms of research is a fundamental question that muse be

addressed.

Close

I would like to thank the chairman and members of the Subcomniittee on Science for

this opportunity today. / hope my explanation of the work and recommendations of

the Committee on
hope

of
of

Directions and Needs in U.S. Manufacturing,

sponsored by the Nations/ Research Council, has clarified the issues and will aid you

in making informed decisions on &cure research and curriculdm development in

manufachiring and engineering design.

Sincerely,

Gary Martovits

Attachment: Chapter 1 - Ovenfiew, from

falLatlfaudiztudat

Commis°. on &Noce. Spate and Tacksoloscr 1,41y 12, 19,2
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 c
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 d
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l p
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 d
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.
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 d
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 p
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 d
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at
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l f
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 p
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 d
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 d
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 d
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 d
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 p
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liz
at

io
n 

pr
oc

es
s 

(P
R

P
) 

re
lie

s
on

 in
fo

rm
at

io
n 

on
 p

ro
du

ct
s 

an
d 

pr
oc

es
se

s,
 c
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 p
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ra
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at
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f m
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 p
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 m
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 d
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at
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t b
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at
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 m
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. C
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at
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 m
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ra
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, f
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 d
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 p
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 c
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 d
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 b
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ra
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 r
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t r
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 d
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 d
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 d
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 r
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at
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 c
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 m
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l c
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 m
an

uf
ac

tu
rin

g 
te

ch
no

lo
gi

es
. (

F
ig

ur
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 p
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at
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 b
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 d
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re
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 b
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ra
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 p
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 p
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l p
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 b
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ra
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t r
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an
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ed
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 c
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eg
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ie
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an
d 

pr
ed

ic
t i

ns
ta
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es

 o
f e

qu
ip

m
en

t s
hu
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n,
 a

nd
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gi
ca

l m
od

el
s
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 e

qu
ip
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en

t f
ai

lu
re
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at

 r
el
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e 

di
ffe

re
nt
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m
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n 
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to
,

an
d 

ca
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es
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f f
ai

lu
re

 a
nd

 u
se

s 
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 in

fo
rm

at
io

n 
in

 e
qu

ip
m
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t d

e-
si

gn
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or

po
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of
 th
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va
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of

 d
at
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lo
pm

en
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f p
ro
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el
s 
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 e
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pr
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nt
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 th
e 
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m
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an
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 le
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 a
bs

tr
ac
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n,

 d
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n 
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pp
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t, 
ex

pe
rt

, a
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 o
pt

im
iz

at
io

n 
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st
em

s,
an

d 
lo

gi
ca

l m
od

el
s 

th
at

 r
el
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e 
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ns
 to

 c
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se
s 

an
d 
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e 
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-
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e 
of
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ar
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ng
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P
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 d
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at
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n 
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ds

 p
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ct
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m
od
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e 
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le

 p
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-
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ec
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 in

 th
e 

pr
od
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 c
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m
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hi
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en
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, m
od

el
s 

ca
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 m
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rin
g
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or
m

an
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 d
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ns
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 c

au
se
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 fa
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m
s 

th
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ra
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 b
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an
t b
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rs
 to

 U
.S

. m
an
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fa

ct
ur

in
g 

co
m

pe
tit

iv
en

es
s:

in
fle

xi
bl

e 
or
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ni

za
tio

ns
, i

na
de

qu
at

e
te

ch
no

lo
gy

, i
na

pp
ro

pr
ia

te
 p

er
fo

rm
an

ce
 m

ea
su

re
r,

 a
nd

 a
 g

en
er
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ck
 o

f a
pp

re
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at
io

n 
fo
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im
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rt

an
ce

 o
f m

an
uf
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tu

rin
g.

 T
he

fir
st

 th
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e 
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ie
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 m

ay
 b

e 
ch

an
ge

d 
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om
 w

ith
in

. I
nd

us
tr

y,
 h

ow
.

ev
er

, c
on

tr
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ut
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 th

e 
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ur
th
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ar

rie
r 
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 fa

ili
ng
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 p

ro
vi

de
 fi

na
n-

ci
al

 a
nd

 p
sy

ch
ol

og
ic

al
 in

ce
nt

iv
es

 th
at

 m
ig

ht
 p

ro
m

ot
e 
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re

er
s 
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m

an
uf

ac
tu

rin
g.
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fle

xi
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e 
O
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an

iz
at
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ns

M
an

uf
ac

tu
rin

g 
be

ha
vi

or
 in

 th
e 

fu
tu

re
 w

ill
 c

on
tin

ue
 to

 b
e 

dr
iv

en
by
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ar

ke
t a

s 
w

el
l a

s 
no
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ar

ke
t f

ac
to

rs
. M

ar
ke

t f
ac

to
rs
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re

 th
os

e
de

fin
ed

 b
y 

te
ch

no
lo

gi
ca

l o
pp

or
tu

ni
ty

, b
us

in
es
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st

ra
te

gy
, a

nd
 th

e
co

m
pe

tit
iv

e 
en
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ro

nm
en

t, 
an

d 
th
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 in

te
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ct
 to

 d
et

er
m

in
e 

th
e 

in
-

ve
st

m
en

ts
 a
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rm

 m
us

t e
m
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iz
e 
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 m

ai
nt
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n 

a 
ch

os
en

 c
om

pe
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tiv
e 
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nt
ag

e.
 T
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nd

s 
in

 m
an

uf
ac

tu
rin

g 
co

m
pe

tit
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n 
an

d 
te
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-

no
lo

gi
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l p
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am
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e,
 a

re
 d
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in

g 
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m
s 
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 e

m
ph
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e
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od
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n 
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lit
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in
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 c
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 c
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, d
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l c
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t t
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 p
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l d
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m
ar
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fir
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 c
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lo
gi

es
. S
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at
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f b
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ef
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ra
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 b
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 b
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.
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 b

as
e 

of
 U

.S
. m

an
uf

ac
tu

rin
g 

ha
s 

m
an

y 
ty

pe
s 

of
pr

ob
le

m
s,

 r
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l d
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er

s 
to

 p
ro

-
er

as
 p

ar
am

et
er

s,
an

 e
co

no
m

ic
 m

od
el

 th
at

 r
el

at
es

 r
es

ou
rc

e 
ut

ili
za

tio
n 

to
 p

ro
-

ce
ss

 c
ap

ac
ity

,
kn

ow
le

dg
e 

of
 a

ll 
th

e 
co

nt
ro

lla
bl

e 
pa

ra
m

et
er

s 
an

d 
co

ns
tr

ai
nt

s
on

 p
ro

du
ct

io
n,

a 
tim

e 
sc

al
e 

fo
r 

ev
er

y 
co

nt
ro

lla
bl

e 
fe

ed
ba

ck
 a

nd
 fe

ed
-f

or
-

w
ar

d 
lo

op
, a

nd
kn

ow
le

dg
e 

of
 th

e 
re

la
tio

ns
hi

p 
be

tw
ee

n 
a 

se
t o

f c
on

tr
ol

 ta
bl

es
an

d 
a 

se
t o

f r
es

ou
rc

es
.

A
s 

an
 e

xa
m

pl
e 

of
 c

os
tin

g 
ev

en
ts

, c
on

tin
ge

nc
ie

s,
 a

nd
 p

ro
ce

ss
im

pr
ov

em
en

ts
, c

on
si

de
r 

m
ac

hi
ne

 d
ow

nt
im

e.
 It

 is
 fi

rs
t n

ec
es

sa
ry

to
 d

et
er

m
in

e 
fo

r 
th

e 
m

ac
hi

ne
 a

 v
al

ue
 p

er
 u

ni
t o

f t
im

e.
T

hi
s

sh
ad

ow
 c

oo
 o

f c
ap

ac
ity

 c
an

 b
e 

ob
ta

in
ed

 th
ro

ug
h 

a 
va

rie
ty

 o
f m

et
ho

ds
re

la
te

d 
to

 c
ap

ac
ity

 u
til

iz
at

io
n.

 A
 p

ro
du

ct
io

n 
m

on
ito

rin
g 

sy
st

em
pr

ov
id

es
 in

fo
rm

at
io

n 
ab

ou
t a

ll 
m

ac
hi

ne
 s

hu
td

ow
ns

 (
e.

g.
, c

au
se

s,
du

ra
tio

ns
).

 T
he

se
 e

ve
nt

s 
ar

e 
cl

as
si

fie
d 

by
 c

at
eg

or
y 

an
d 

ag
gr

eg
at

ed
w

ith
in

 c
at

eg
or

ie
s.

 G
iv

en
 th

e 
op

po
rt

un
ity

 c
os

t o
f d

ow
nt

im
e,

 it
 is

po
ss

ib
le

 to
 c

al
cu

la
te

 th
e 

be
ne

fit
 o

f r
ed

uc
in

g 
or

 e
lim

in
at

in
g 

ea
ch

ca
te

go
ry

 o
f d

ow
nt

im
e.

 T
he

 e
xa

m
pl

e 
ca

n 
be

 ta
ke

n 
a 

st
ep

 fu
rt

he
r,

to
 th

e 
de

ve
lo

pm
en

t o
f a

 lo
gi

ca
l m

od
el

 o
f m

ac
hi

ne
 fa

ilu
re

 th
at

re
la

te
s 

di
ffe

re
nt

 k
in

ds
 o

f f
ai

lu
re

, m
ea

n 
tim

es
 b

et
w

ee
n 

fa
ilu

re
, a

nd
ca

us
es

 o
f f

ai
lu

re
.

A
s 

in
fo

rm
at

io
n 

is
 g

at
he

re
d 

ab
ou

t p
ro

du
ct

io
n

B
E

ST
 C

O
PY

 A
U

R
A

E



T
H

E
 C

O
M

P
E

T
IT

IV
E

 E
D

G
E

pr
oc

es
se

s,
 o

ne
 c

an
 b

eg
in

 to
 a

ss
es

s 
th

e 
im

pa
ct

 o
f 

di
ff

er
en

t c
au

se
s

of
 m

ac
hi

ne
 f

ai
lu

re
. T

he
 m

od
el

 n
ee

de
d 

fo
r 

pr
oc

es
s 

co
nt

ro
l c

os
tin

g
is

 p
re

ci
se

ly
 th

e 
m

od
el

 n
ee

de
d 

to
 c

on
tr

ol
 a

 p
ro

ce
ss

. A
 p

ro
ce

ss
co

nt
ro

l c
os

tin
g 

sy
st

em
 a

dd
s 

to
 th

is
 m

od
el

 th
e 

ec
on

om
ic

 v
al

ue
 a

nd
ec

on
om

ic
 c

os
t o

f 
re

du
ci

ng
 o

r 
el

im
in

at
in

g 
th

e 
di

ff
er

en
t c

au
se

s 
of

fa
ilu

re
. T

he
 b

en
ef

it 
re

al
iz

ed
 e

qu
al

s 
th

e 
tim

e 
sa

ve
d 

m
ul

tip
lie

d 
by

th
e 

op
po

rt
un

ity
 c

os
t o

f 
th

at
 ti

m
e.

 T
he

 c
os

t i
s 

th
e 

co
st

 o
f 

th
e

re
so

ur
ce

si
n 

te
rm

s 
of

 n
ew

 p
ro

ce
du

re
s,

 m
ai

nt
en

an
ce

, n
ew

 s
en

so
rs

or
 to

ol
s,

 a
nd

 p
er

so
nn

el
re

qu
ir

ed
 to

 m
ak

e 
a 

gi
ve

n 
ch

an
ge

.

FI
N

D
IN

G
S 

O
F 

T
H

E
 P

A
N

E
L

S

E
ac

h 
of

 th
e 

fi
ve

 c
ri

tic
al

 a
re

as
 o

f 
m

an
uf

ac
tu

ri
ng

 e
xa

m
in

ed
 in

th
is

 r
ep

or
t i

s 
co

ve
re

d 
in

 a
 s

ep
ar

at
e 

ch
ap

te
r.

 S
um

m
ar

ie
s,

 in
cl

ud
in

g
re

se
ar

ch
 n

ee
ds

, a
re

 p
ro

vi
de

d 
be

lo
w

.

In
te

lli
ge

nt
 M

as
in

fa
ct

ut
in

g 
C

on
tr

ol
C

ha
pt

er
 2

 e
xa

m
in

es
 th

e 
tig

ht
 c

ou
pl

in
g 

of
 s

en
so

r 
te

ch
no

lo
gi

es
an

d 
so

ft
w

ar
e 

sy
st

em
s 

th
at

 m
an

if
es

ts
 m

ac
hi

ne
 in

te
lli

ge
nc

e 
w

he
n

so
m

e 
de

gr
ee

 o
f 

sy
ne

rg
y 

w
ith

 a
 h

um
an

 in
te

rf
ac

e 
is

 a
ch

ie
ve

d.
 A

fr
am

ew
or

k 
is

 e
st

ab
lis

he
d 

fo
r 

th
in

ki
ng

 a
bo

ut
 I

M
C

 in
 te

rm
s 

of
 d

o-
m

ai
ns

 o
f 

co
nt

ro
l t

ha
t c

or
re

la
te

 w
ith

 a
 c

om
pr

es
se

d 
or

ga
ni

za
tio

na
l

hi
er

ar
ch

y 
an

d 
le

ve
ls

 o
f 

fe
ed

ba
ck

 ti
m

e.
 R

es
ea

rc
h 

ef
fo

rt
s 

sh
ou

ld
 b

e
ai

m
ed

 a
t (

I)
 d

ev
el

op
in

g 
te

ch
ni

qu
e-

or
ie

nt
ed

 c
om

m
un

ic
at

io
n 

st
an

-
da

rd
s,

 (
2)

 r
ef

in
in

g 
se

ns
or

 te
ch

no
lo

gy
 in

 d
at

a 
in

te
gr

at
io

n,
 p

at
te

rn
re

co
gn

iti
on

, a
nd

 a
ct

io
na

bl
e 

m
od

el
s,

 (
3)

 b
ui

ld
in

g 
kn

ow
le

dg
e 

ba
se

s
of

 d
es

ig
n,

 m
an

uf
ac

tu
ri

ng
, a

nd
 m

an
ag

em
en

t i
nt

el
lig

en
ce

 th
at

 c
an

ad
ap

t t
o 

ch
an

gi
ng

 k
no

w
le

dg
e 

an
d 

or
ga

ni
za

tio
na

l s
tr

uc
tu

re
s;

 (
4)

cr
ea

tin
g 

a 
dy

na
m

ic
 m

od
el

 o
f 

m
an

uf
ac

tu
ri

ng
, (

5)
 id

en
tif

yi
ng

 w
ay

s
to

 u
se

 th
e 

hu
m

an
-m

ac
hi

ne
 in

te
rf

ac
e 

to
 f

ac
ili

ta
te

 le
ar

ni
ng

 in
 a

n
in

te
gr

at
ed

 e
nv

ir
on

m
en

t, 
an

d 
(6

) 
re

de
fi

ni
ng

 m
et

ho
ds

 to
 a

cc
om

m
o-

da
te

 h
ol

is
tic

 r
es

ea
rc

h 
in

 a
 p

ro
du

ct
io

n 
en

vi
ro

nm
en

t (
i.e

., 
tie

 f
ac

-
to

ry
 a

- 
la

bo
ra

to
ry

).

E
qu

ip
m

en
t R

el
ia

bi
lit

y 
an

d 
M

ai
nt

en
an

ce

E
R

M
, c

ov
er

ed
 in

 C
ha

pt
er

 3
, i

nc
lu

de
s 

bo
th

 m
an

uf
ac

tu
nn

g 
eq

ui
p-

m
en

t a
nd

 th
e 

te
ch

ni
ca

l, 
op

er
at

io
na

l, 
an

d 
m

an
ag

em
en

t a
ct

iv
iti

es
re

qu
ir

ed
 to

 s
us

ta
in

 th
e 

pe
rf

or
m

an
ce

 o
f 

su
ch

 e
qu

ip
m

en
t t

hr
ou

gh
ou

t i
ts

 w
or

ki
ng

 li
fe

. E
R

M
 h

as
 th

e 
po

te
nt

ia
l t

o 
af

fe
ct

 th
re

e 
ke

y
el

em
en

ts
 o

f 
m

an
uf

ac
tu

ri
ng

 c
om

pe
tit

iv
en

es
s:

 q
ua

lit
y,

 c
os

t, 
an

d 
pr

od
uc

t
Ic

ed
 ta

m
e

Se
ve

ra
l c

as
es

 il
lu

st
ra

te
 e

ff
ec

tiv
e 

ap
pl

ic
at

io
ns

 o
f 

E
R

M

O
V

E
R

V
IE

W
21

pr
og

ra
m

s,
 b

ot
h 

in
 th

e 
U

ni
te

d 
St

at
es

 a
nd

 a
br

oa
d

th
e

In
nu

rd
pe

ne
tr

at
io

n 
of

 s
uc

h 
pr

og
ra

m
s 

in
 th

is
 c

ou
nt

ry
 is

 a
ttr

ib
ut

ed
 in

 la
rg

e
m

ea
su

re
 to

 m
an

uf
ac

tu
ri

ng
 m

an
ag

er
s'

 la
ck

 o
f 

aw
ar

en
es

s 
of

 th
e 

ec
on

om
ic

be
ne

fi
ts

 o
f 

im
pr

ov
ed

 e
qu

ip
m

en
t a

va
ila

bi
lit

y.
T

ec
hn

ol
og

ic
al

 p
ro

b.
le

m
s 

th
at

 a
re

 a
ss

oc
ia

te
d 

w
ith

 th
e 

im
pl

em
en

ta
tio

n 
of

 E
R

M
 p

ro
gr

am
s

ar
e 

co
ns

id
er

ed
 to

 b
e 

m
or

e 
ea

si
ly

 s
ol

ve
d 

th
an

 a
re

 p
eo

pl
e 

pr
ob

le
m

s.

A
dv

an
ce

d 
E

ng
in

ee
re

d 
M

at
er

ia
ls

C
ha

pt
er

 4
 f

oc
us

es
 o

n 
m

an
uf

ac
tu

ri
ng

 in
vo

lv
in

g 
ad

va
nc

ed
 e

n-
gi

ne
er

ed
 m

at
er

ia
ls

 (
A

E
M

s)
. B

ar
ri

er
s 

to
 o

pt
im

iz
at

io
n 

ou
ts

id
e 

th
e

no
rm

al
 s

co
pe

 o
f 

m
an

uf
ac

tu
ri

ng
 s

ci
en

ce
 a

nd
 e

ng
in

ee
ri

ng
 a

re
 c

on
-

si
de

re
d,

 a
s 

ar
e 

fu
tu

re
 n

ee
ds

 a
nd

 d
ir

ec
tio

ns
.

C
ha

lle
ng

es
 to

 th
e

in
te

gr
at

io
n 

of
 A

E
M

s 
in

to
 m

an
uf

ac
tu

ri
ng

 o
pe

ra
tio

ns
 in

cl
ud

e 
Il

l
bo

th
 th

e 
ne

ed
 to

 in
te

gr
at

e 
pr

oc
es

si
ng

 m
et

ho
ds

 in
to

 th
e 

de
si

gn
an

d 
de

ve
lo

pm
en

t o
f 

ne
w

 m
at

er
ia

ls
 f

ro
m

 th
e 

be
gi

nn
in

g 
an

d 
th

e
ne

ed
 to

 in
st

ill
 a

w
ar

en
es

s 
of

 a
nd

 s
en

si
tiv

ity
 to

 m
at

er
ia

ls
' p

ro
pe

r-
tie

s 
in

to
 p

ro
ce

ss
 d

es
ig

n 
pa

ra
di

gm
s,

 a
nd

 (
2)

 d
ef

ic
ie

nc
ie

s 
in

 p
ro

ce
ss

si
m

ul
at

io
n 

an
d 

m
od

el
in

g,
 k

no
w

le
dg

e-
ba

se
d 

sy
st

em
s 

ap
pl

ic
at

io
ns

,
se

ns
or

 a
pp

lic
at

io
ns

, a
nd

 te
ch

ni
ca

l c
os

t m
od

el
in

g.
 R

es
ea

rc
h 

sh
ou

ld
fo

cu
s 

on
 n

ee
ds

 in
 th

e 
ar

ea
s 

of
 m

at
er

ia
ls

 s
ci

en
ce

 a
nd

 e
ng

in
ee

ri
ng

,
ex

pa
nd

ed
 a

nd
 r

ev
is

ed
 e

du
ca

tio
na

l p
ro

gr
am

s 
an

d 
ob

je
ct

iv
es

, a
nd

m
et

ho
ds

 f
or

 b
et

te
r 

in
te

gr
at

in
g 

m
at

er
ia

ls
- 

sp
ec

if
ic

 is
su

es
 in

 m
an

u-
fa

ct
ur

in
g 

pa
ra

di
gm

s.

Pr
od

uc
t R

ea
liz

at
io

n 
Pr

oc
es

s

Pr
od

uc
t r

ea
liz

at
io

n 
is

 b
ot

h 
a 

co
ns

eq
ue

nc
e 

of
 a

nd
 a

 r
es

po
ns

e
to

 p
re

ss
ur

es
 o

f 
tim

e-
ba

se
d 

co
m

pe
tit

io
n.

 T
he

 p
ro

du
ct

 r
ea

liz
at

io
n

pr
oc

es
s 

(P
R

P)
, d

is
cu

ss
ed

 in
 C

ha
pt

er
 5

, h
as

 b
ot

h 
te

ch
no

lo
gi

ca
l a

nd
or

ga
ni

za
tio

na
l c

om
po

ne
nt

s.
 T

ec
hn

ol
og

ic
al

 e
na

bl
er

s 
ar

e 
ne

ed
ed

 to
su

pp
or

t t
he

 d
ev

el
op

m
en

t o
f 

a 
un

iv
er

sa
l p

ro
du

ct
 im

ag
e 

th
at

 w
ill

 b
e

in
 s

yn
c 

w
ith

 th
e 

vi
ew

s 
of

 th
e 

m
an

y 
pa

rt
ic

ip
an

ts
 in

 th
e 

pr
od

uc
t

lif
e 

cy
cl

e.
 E

xi
st

in
g 

in
fo

rm
at

io
n 

ar
ch

ite
ct

ur
es

 w
ill

 n
ot

 s
up

po
rt

 th
e

de
ve

lo
pm

en
t o

f 
su

ch
 im

ag
es

. D
ev

el
op

m
en

t o
f 

a 
un

iv
er

sa
l p

ro
du

ct
im

ag
e 

al
so

 w
ill

 r
el

y 
on

 a
nd

 e
ng

en
de

r 
a 

ne
ed

 f
or

 a
lte

rn
at

iv
e 

or
ga

ni
-

za
tio

na
l s

tr
uc

tu
re

s.
 T

om
or

ro
w

's
 b

us
in

es
s 

or
ga

ni
za

tio
n 

is
 e

xp
ec

te
d

to
 r

es
em

bl
e 

le
ss

 a
 h

ie
ra

rc
hy

 th
an

 a
 p

ee
r 

ne
tw

or
k 

co
nf

ig
ur

ed
 f

or
m

ut
ua

l b
en

ef
it.

 R
es

ea
rc

h 
in

 th
is

 a
re

a 
sh

ou
ld

 b
e 

di
re

ct
ed

 a
t d

ef
in

in
g,

id
en

tif
yi

ng
 s

pe
ci

fi
c 

in
st

an
ce

s 
of

, a
nd

 d
ev

el
op

in
g 

in
te

lli
ge

nt
 im

ag
es

,
id

en
tif

yi
ng

 a
nd

 e
st

ab
lis

hi
ng

 th
e 

re
qu

is
ite

 c
on

ne
ct

io
ns

 a
m

on
g 

th
es

e
im

ag
es

, a
nd

 d
ev

is
in

g 
an

 o
rg

an
iz

at
io

na
l s

tr
uc

tu
re

 in
 w

hi
ch

 th
es

e
co

nc
ep

ts
 c

an
 b

e 
m

ad
e 

op
er

at
io

na
l.

C
A

D



22
T

H
E

 C
O

M
PE

71
71

V
E

llX
;E

.

M
an

uf
ac

tu
rin

g 
S

ki
lls

 Im
pr

ov
em

en
t

E
ffe

ct
iv

e 
de

pl
oy

m
en

t o
f a

dv
an

ce
d 

m
an

uf
ac

tu
rin

g 
te

ch
no

lo
gy

, a
s

po
in

te
d 

ou
t i

n 
C

ha
pt

er
 6

, r
el

ie
s 

on
 a

 h
os

t o
f s

ki
lls

 th
at

 U
.S

. s
ch

oo
ls

ar
e 

ne
ith

er
 c

ul
tiv

at
in

g 
no

r 
pr

ep
ar

in
g 

st
ud

en
t, 

to
 a

cq
ui

re
.

T
he

 fi
rs

t
ne

ed
 is

 b
as

ic
 li

te
ra

cy
. T

he
n,

 b
ey

on
d 

pr
im

ar
y 

an
d 

se
co

nd
ar

y 
ed

uc
a-

tio
n,

 is
 a

 n
ee

d 
fo

r 
ge

ne
ra

l e
ng

in
ee

rin
g 

kn
ow

le
dg

e 
an

d 
th

e 
de

ve
lo

p-
m

en
t o

f c
om

m
un

ic
at

io
n,

 te
am

, a
nd

 g
ro

up
 d

yn
am

ic
s 

sk
ill

s.
In

 th
e

w
or

kp
la

ce
, g

re
at

er
 c

on
ce

nt
ra

tio
n 

is
 n

ee
de

d 
on

 th
e 

cu
lti

va
tio

n 
of

ap
pr

en
tic

ea
bl

e 
an

d 
jo

b-
sp

ec
ifi

c 
sk

ill
s.

F
in

al
ly

, t
he

 p
ub

lic
 m

us
t b

e
m

ad
e 

m
or

e 
aw

ar
e 

of
 th

e 
im

po
rt

an
ce

 o
f m

an
uf

ac
tu

rin
g 

to
 th

e 
na

-
tio

na
l e

co
no

m
y,

 s
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Executive Summary

Engineering design is a crucial component of the industrial product real-
isation process. it is estimated dim 70 percent or mom of the life cycle cost
of a product is determined dating design. Effective engineering design. as
some foreign firms especially have demonstrated, um improve quality. re-
dact costs, and speed than to market. thereby beam matching products to
customer seeds. Effective design is also s presurttete foe effective ingag"
flouring. Improving the practice of engineering design in U.S. firms is
that essential so industrial excellence and suirmel competitiveness.

Urdottousely. the °voila quality of cognomina design is the United
States is poor. The best engin/wing design practices are not widely used in
U.S. Wogs'', and the key role of engioesting designers is the product
realisation process is often not well understood by mangisiset. Pa the
and inetscion among the three players involved in this sadenvoriadeories,
universities. and goveramesshare diminished to the point that noneserves
the needs of the others. Engineering curricula focus on a few conventional
design procedures rather dun as the entire product delivery process. and
Wintrys efforts to teach engineering design tend to be ftegmensed. A
revitalization of university research and teaching is eagissermisia design has
began. bus is not well cemented with the tontines or scope of design prac-
tice, and march results are not effectively disseminated to industrial firms.
Virally. the U.S. savanna( boa not reccipitted the adancenteet of enameering
design capabilities to be of national importance.

This state of Wain virtually guarantees the continued decline of U.S.
competitiveness. averse this trend will require a complete rejuvenation
of engineering design practice. education, and research, involving intense
cooperation among industrial rums, universities, andgovernment.
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DESIGNING FOR COMPESITIVE ADVANTAGE

To use design effectively as a tool for turning business sunny into
effective radius. a film mast (I) commit to continuous improvement both
of products aid of design sad production processes. (2) establish a corporate
product realisation process (PRP) supported by top management. (3) develop
adios adopt and integrate advanced design practices into the PRP. and (4)
create a supportive design diVilallatAL

Converting to operation under the discipline of a PRP is not easy. Often,
complete reorpainition from top to bottom and a dramatic change in the
way of doing business are required. Aa effective PRP generally incorpo-
rates the following dew *fist customer needs and product paforinsoce
requirements; pima for prod= evolution beyond the current design: plan
comarready for design and manufacturiar design the product and its
meaufactoring processes with fall consideration of the cadre product life
cycle, including distribution. support, maintenance. recycling. and disposal:
and produce the product and monitor product and mass*.

The PRP is a firm's sirategy for product excellence and condoms im-
provement; design practices are its tactics. Because not all prectices are
applicable to or useful in the design of a given product, each company must
carefully identify a set appcopride to its uses and iacorporam them into its
PRP. Practices (such as Taguchi 'setback) sad tools (such as CAD and
CAE) must be fully integrated lain the PRP if they are to have more than
minimal effect. Companies must also develop means of assimilating new
practices as they are developed by reseeschars and others became qtly
affective practices ant Wag improved and eves superseded.

Design is a =mice activity that depends on human capabilities that one
difficult to meagre, predict. aid direct. An understanding of the design
task and the cleracteristics sod needs of people who design effectively is
eseamial to the credos of a stimulating sad nurtming design enviroameat.

IMPROVING ENGINEERING DESIGN EDUCATION

Uniergradsme and graduate engineering education is the fowled= for
smash' practice, effective teaching, sad relevant research in engineering
design. The assent state of that foundation is attested to by employers who
find recent engineering graduates to be weak in design. Reasons for the
inadequacy of undergraduate engineering design educedon include: weak
requirements for design content in engineering curricula (many institutions
do sot meet even existing accreditation criteria): lack of truly imettliscipli.
nary teams in design courses: and fragmented. discipline-specific, and
uncoordinated teaching. Of the curricula that have strong design comps-
mats, few consider ame-of-the-art design methodologies.

BEST COPY AVELLra
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Recommendations from NRC Reports

I. The Competitive Edge. Research Priorities for U.S Manufacturing

Top 4 recommendations on skills improvements in priority order

1. NSF should establish a program to subsidize the initiation of large consortia to
collet:coats on the development and denomination of programs of manufacturing skits
education for engineers and managers. The effort could be cached as research on
collaborative education in manufacturing skills, including nationwide access and hands-on
experience at appropriate centers, to include a number of teaching factories.

2. NSF should establish a Faculty Professional Development Program in manufacturing
with the goal of reaching 20 percent of engineering faculty within two years.

3. NSF should fund and coordinate research that involves business and management
schools, engineering colleges, and industry in collaborative studies of manufacturing
management in particular and technology management in general.

4. NSF should work with other government agencies to develop a program to establish
consortia on manufacturing in specific areas, such as microelectronics, automotive, and
aerospace.

In addition to the preceding recommendations related to education and training, the
report identifies and analyzes research needs in the following critical areas of
manufacturing:

Intelligent manufacturing control

Equipment reliability and maintenance

Advanced engineered materials

Product realization process

II. Improving Enaineerina Desian

Recommendations are given for actions by industry, universities, professional engineering
societies and government The following are recommendations to NSF:

1. In order to support faculty in improving the teaching of design, NSF should establish
a clearinghouse for design instructional materials and methods.

Should be established quickly
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Facilitate the synthesis of this material into textbooks, case studies, video tapes,
computer software, etc.

2. NSF should support both a large increase in design research and increased university-

industry interaction in engineering design.

Esteblih a Design Schodtr program that would enable university faculty and
graduate students lo spend one or tato yews with a beelytactice
followed by three yews of itint NSF-industry research support

Expand and emphasize the Design Theory and Methodology program by
providing a clear identity, strong leadership, and stable funding ($6 to $6

&molly).

Strongly encourage initiation of additional design-related Engineering Research

Centers.

3. NSF and the Department of Commerce, with the assistance of industrial and academic
representatives, should study the possible strucbsing and operation of a National

Consortium fax Engineering Design to:

perform precompetitive research to improve design methods and tools;

gather and disseminate information about international best engineering design

practtes;

transfer existing and new design knowledge to industry and academe;

develop and promote industry-univeraity-govemment collaboration in research

and education; and

provide brokerage services to personnel exchanges and arrange privately

funded research between universities and industry.

The report also includes a topical research agenda for engineering design research.
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Mr. BOUCHER. Thank you, Mr. Markovits.
Dr. Dieter?
Dr. DIETER. Thank you, Mr. Chairman, for this opportunity. I'm

speaking today on behalf of the American Society for Engineering
Education's Deans Council, which represents more than 300 col-
leges of engineering in the United States.

The role of the engineering colleges in helping to meet the com-
petitiveness challenge is growing and changing. Engineering
schools are moving away from the post-World War II focus on engi-
neering science and the creation of new knowledge, and they're
moving towards a broader role which includes not only creation of
new knowledge but a renewed focus on the business of engineering;
that is, the creation of new products, processes and systems. Manu-
facturing and design are integral elements of this reorientation.

Now, the National Science Foundation through its resePxch and
engineering initiatives is helping to make this change. While it's
too early to gauge the success of all of these initiatives, we believe
they are generally headed in the right direction and are hitting the
right leverage points. In fact, we believe the goals of these initia-
tives are so important to the Nation that they justify increasing
support for the Engineering Directorate faster than the rest of the
agency.

In considering the term "manufacturing," what we mean by
manufacturing, we feel it should encompass a broad group of ge-
neric technologies and processes. This includes not only systems
management technologies and conventional processing, but also
such areas as environmentally friendly chemical processes, intelli-
gent processing equipment, flexible computer-integrated manufac-
turing, and micro- and nanomanufacturing. All of these areas, par-
ticularly related to processing, could use significantly increased
levels of research funding from the Foundation.

Because the real advances in manufacturing research and educa-
tion require industry participationwe've heard that from two pre-
vious speakerswe strongly endorse the Foundation's approach as
sponsoring manufacturing-related research through a variety of
centers and small group awards. Center grants make natural tar-
gets for industry participation. For example, at the Systems Re-
search Center on my campus, we have already spun off two major
activities with industrya center on electronic packaging and one
on satellite communications. We believe it would be most valuable
to expand the Engineering Research Centers program as well as a
smaller scale collaborative centers and the strategic manufacturing
initiative.

In general, undergraduate teaching materials need to be im-
proved. The Foundation might want to designate funding for manu-
facturing and manufacturing-related course and curriculum devel-
opment. Although it's not specifically focused on manufacturing,
the NSF's Engineering Education Coalitions are really making a
difference in this area. For example, the ECSEL Coalition, to which
my engineering college participates, is working to integrate design
across the entire curriculum. At the freshman level, our main

ri
ob-

jective is to show students where engineering design fits into the
heavy concentration of analysis courses that follow. We do this by
having the students undertake a complete design, including manu-
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facturing and assembly. But because the students do not have a
very great background in engineering, they make their design of
familiar products like swing sets and seesaws. This experience in
the complexity of design leads them into the rest of the curricu-
lum.

Given the innovation and collaboration we are seeing in the En-
gineering Education Coalitions, we would like to see their number
expanded.

A key to reorienting engineering education towards the creation
of new products and processes is, of course, the faculty. Since most
of our faculty go directly from research-oriented graduate school
into teaching, very few have industrial experience. While some of
our faculty are gaining industry experience through the research
centers and the Engineering Directorate's Industrial Internship
Program, another avenue for change is summer support for facul-
ties to work in industry, particularly the young faculty. Support
could be focused on the faculty member's first summer of employ-
ment, which should be early enough to provide the individual with
industry background and would, perhaps, reorient research activi-
ties into more industrial mode.

At the undergraduate level, while we know that the Nation
needs more of our best engineering graduates to go into manufac-
turing, we also know that our students respond to financial incen-
tives. When industry demonstrates that it values manufacturing
engineering through g: eater prestige and salaries, I am confident
more of the students will be attracted to manufacturing programs
and degree options.

One thing industry could do to make manufacturing centers
more interesting to students is to establish a small grants program
to enable faculty members to hire undergraduates during the
summer to work in applied research projects, preferably with in-
dustry. This program would complement, and not replace, the ex-
isting Manufacturing Experiences for Undergraduates program
which the Foundation runs through the Research Directorates.

At the graduate level, we believe the Foundation should sustain
and expand the new graduate traineeship program. This would be
especially valuable in manufacturing areas because traineeships
can be targeted at specific _fields and university departments. Al-
though the Foundation-wide traineeship program would not focus
solely on manufacturing-related fields, proposals with a manufac-
turing focus could be provided extra consideration.

To sum up, the deans of engineering strongly support the Engi-
neering Directorate in its effort to promote a return to the business
of engineering in our engineering colleges, including the revitaliza-
tion of manufacturing engineering research. Because this effort is
so important to the Nation's technological development and to the
education of tomorrow's engineers, we believe that financial sup-
port for the Engineering Directorate should grow faster than even
the rest of the Foundation.

I'd be pleased to answer any questions.
[The prepared statement of Dr. Dieter follows:]
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Mr. Chairman, thank you for this opportunity to appear
before the Subcommittee to discuss the role of the National
Science Foundation in manufacturing engineering education and

research. My name is George Dieter and I am dean of engineering

at the University of Maryland, College Park and incoming
president-elect of the American Society for Engineering Education

(ASEE). I am speaking today on behalf of the ASEE Engineering
Deans Council, which represents the more than 300 colleges of

engineering in the United States.

As you know, industrial competitiveness has become a major

concern in the nation. It is clear that the nation's economic
and military security depend on our ability to develop and deploy
technology more effectively than our competitors.

The role of the nation's engineering schools in helping meet
this competitiveness challenge is growing and changing. We are

moving away from the post-World War II focus on engineering
science and the creation of new knowledge, toward a broader role

that includes not only creation of new knowledge but a renewed

focus on the business of engineering--that is, the creation of
new products, processes and systems. Manufacturing and design

are integral elements in that re-orientation. But it also
includes developing new modes for engineering research; a major
reshaping of curricula to make engineering education more
interesting, integrated and relevant to engineering practice; and

major efforts to open up the profession to traditionally under-
represented groups such as women and minorities. Taken together,

these changes will reshape academic engineering for meeting the
challenges of an increasingly competitive world.

Through its education programs and research thrusts, the

National Science Foundation's Engineering Directorate is helping
engineering colleges initiate and speed these changes. While

there is manufacturing activity in other portions of the
Foundation--notably the Computer and Information Science and
Engineering Directorate--Engineering is an important catalyst in

directing new education and research attention to manufacturing

and manufacturing-related areas.

It is too early to gauge the success of many of these
initiatives, but we believe they are generally headed in the

right direction and are hitting the right leverage points. And

in fact, the goals of these initiatives are so important we
believe they justify increasing support for the Engineering
Directorate faster than the rest of the agency. The greater the
support, the greater the leverage and the faster the change in

the academic engineering community.

I would like to discuss four inter-related areas that need

to be addressed in order to accomplish this shift in focus:

research, course & curriculum development, faculty rewards and

student needs.
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2.

Research, The term "manufacturing" should be viewed quite
broadly, to encompass the wide array of generic technologies and
processes that ultimately contribute to effective product
development. This includes not only systems management
technologies, but also research in such areas as environmentally-
friendly chemical processes, intelligent processing equipment,
flexible computer integrated manufacturing, and micro and nano-
manufacturing.

All of these areas, particularly related to processing,
could use significantly increased levels of funding. Since
support for these technologies and processes is spread throughout
the Engineering Directorate, as well as in other directorates,
funding increases should not be highly concentrated. One cannot
always predict where new advances will be made that contribute to
manufacturing or systems capability. Moreover, the Directorate
must keep in mind its mission to broadly support basic
engineering research and not starve out important areas that may
nat be immediately applicable to manufacturing.

Research Centers We support the Foundation's approach of
sponsoring manufacturing-related research through a variety of
centers and small group awards. Real advances in manufacturing
research and education, we believe, require the participation of
industry. Center grants, both large and small, are targets of
opportunity for industry participation.

The Engineering Research Centers (ERCs) are significantly
strengthening the ties of university researchers and students
with industry. The long-term involvement of industry in these
centers is both enhancing the research and educating students in
a cross-disciplinary, systems approach to problem solving that is
vital to the new world of flexible manufacturing. At the Systems
Engineering Research Center on my campus, for example, we have
already spun off two major activities with industry: a center
for electronic packaging which focuses on the design and
reliability of electronics packaging, and a NASA center for the
commercialization of space which deals with satellite
communications. Our students are in high demand from industry.

There would certainly be value in adding new centers--such
as the Foundation is proposing in FY 1993--to focus on critical
technologies in manufacturing and materials.

The deans also support expansion of the Directorate's
smaller-scale center and group award programs. These include the
industry and state/university collaborative centers program, as
well as the strategic manufacturing initiative which NSF is
funding in cooperation with the Department of Defense.

These smaller-scale centers, geared toward specific
manufacturing problems and regional economic development issues,

67
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3.

can be accessed by a broad array of engineering schools--both
large and small--and still provide faculty and students with the
direct interaction with industry and real-world manufacturing
problems associated with the larger centers. We might recommend
that in order to provide greater leverage, the maximum annual
grants allowed in the strategic manufacturing initiative be
increased from $300,000 to $500,000. The higher level of funding
would enable university researchers to attract greater industry
support and end up with perhaps $3-4 million a year, a good
amount for making things happen.

I would like to add that the engineering deans applaud the
Engineering Directorate for initiating, in cooperation with the
Social, Behavioral and Economic Sciences Directorate, a new
program in the management of technology. We believe this program
holds great promise for interdisciplinary research in this
important area.

Course and Curricula,. In general, undergraduate teaching
materials in manufacturing could use improvement. The
Engineering Directorate, or the broader Foundation, might want to
designate funding for manufacturing and manufacturing-related
course and curriculum development. The funding should be linked
in some fashion to the manufacturing research activities of the
Directorate. This should include development of design and
manufacturing case studies.

The Engineering Education Coalitions are also making an
important contribution in this area. While the four existing
engineering education coalitions are not explicitly focused on
manufacturing, they are aimed at promoting practices that will
contribute to manufacturing expertise: student and faculty
teamwork, integration of disciplinary material with design and
practice, total quality. management, and a focus on real-world
applications. For example, the Engineering Coalition of Schools
for Excellence in Education and Leadership (ECSEL), in which my
engineering college participates, is focusing on integrating
design across the entire curriculum. We are having some real
success. At the freshman level, the chief objective is to show
students where engineering design fits into the heavy
concentration of analysis courses that follow. We do this by
having students undertake a complete design--including
manufacture and assembly--of familiar products like swing sets
and seesaws. This experience leads them into the rest of the
curriculum.

Given the innovation and collaboration we are seeing in the
Engineering Education Coalitions, we would like to see the number
of coalitions expanded.

6U
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4.

7acultv Rewards, As in most aspects of engineering
educ,.tion, the key to change is with the faculty. If we want to
re- .rient engineering colleges toward the creation of new
products and processes, we need to provide faculty with
incentives to gain industry experience. Since most of our
faculty go directly from research-oriented graduate programs into
faculty positions, very few have any experience in industry, much
less in manufacturing. Providing them with relevant industrial
interaction would make a big difference.

The NSF research centers and manufacturing-related group
awards are addressing this issue by requiring faculty to work
together with their industry colleagues and developing
appropriate recognition for their contributions. But the effort
needs to be broader. Along with the Engineering Faculty
Internships, which enable faculty members to conduct research in
an industrial setting, the Foundation could develop a program to
support summer experiences for faculty in industry. Young
faculty members could be specifically targeted, with support
focused on their first summer of employment. This would give
them industry experience early in their careers without
interfering with their efforts to gain tenure.

We as deans of engineering can also do more. For example,
we can provide our young faculty members with time out from the
tenure process in order to pursue year- or two-long sojourns in
industry.

Students, We know that for the technological benefit of the
nation our engineering graduates will need strong skills in
integration and design and that more of our best students should
go into manufacturing-related careers. But engineering students
are smart and respond to financial incentives. They look at the
low starting salaries of manufacturing engineers and decide to
look elsewhere. When industry demonstrates that it values
manufacturing engineering through greater prestige and salaries,
I am confident more of our students will be attrazted to
manufacturing programs and degree options.

One way that NSF could make manufacturing careers more
interesting to students is to establish a grant program that
would enable faculty members to hire undergraduates during the
summer to work on applied research projects. The focus should be
on practice-oriented research--preferably in direct collaboration
with industry--and should be open to all faculty, not just those
with NSF research grants. In this way, the program would
complement, not replace, the existing Research Experiences for
Undergraduates (REU) program the Foundation runs through the
research directorates for more traditional research activities.

6
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5.,

At the graduate level, the Foundation should be encouraged
to sustain and expand its new graduate traineeship program.
Traineeships would be particularly valuable for manufacturing
programs because they can be targeted at specific departments in
specific fields. We recommend that eligibility for funding
include both practice-oriented masters degree and doctoral
programs. While the Foundation-wide traineeship program would
not focus solely on manufacturing-related fields, proposals with
a manufacturing focus could be provided extra consideration for
funding.

Summary In sum, the deans of engineering are quite
supportive of the general directions of the Engineering
Directorate in promoting a return to the business of engineering
in our engineering colleges, including the revitalization of
manufacturing research and education. Because this job is so
important in technological development and in the education of
tomorrow's engineers, and because NSF is such an important
catalyst in the academic community, we believe Congress would be
fully justified in increasing support for the Directorate at a
faster rate than the rest of the Foundation.
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Mr. BOUCHER. Thank you very much, Dr. Dieter.
The subcommittee expresses its appreciation to each of the wit-

nesses for their carefully prepared and well-presented testimony
this morning.

I'd like to direct my first question to you, Mr. Markovits, as a
representative of the private sector. Could you give us some sense
of the extent to which industry is aware of these shortcomings and
is making an active effort to recruit the kinds of engineers that
have skills in manufacturing design and in new manufacturing
technologies? And, if there is some sense that industry is not doing
this very aggressively, then should we not be worried about the
extent to which young people could be encouraged to go into these
fields? If they are not going to have jobs waiting for them on the
other end, why would they choose this course of study?

So, would you care to address that range of concerns and tell us
what's going on in industry and what the perception is there
today?

Mr. MAmovrrs. Yes. Yes, I would. Let me give you my percep-
tion, but I'll do it primarily from the perspective of the high tech
industries, mainly the computer and the semiconductor industry
because that's basically what I'm familiar with. All right? And I
think in those particular industries there is an awareness of the
need for design skills. There is an awareness of the need for overall
educational skills.

As I mentioned before, within IBM, they put in place a signifi-
cant amount of resource in programs to up-level the education of
the particular technicians, the line technicians. At a higher level,
they are working with various universities in other companies that
I've worked with, like Intel and National Semiconductor are
working with various universities to put in place programs to do
two things: One, to affect the curricula of those various schools. All
right? Two, to form more interaction between the universities and
industry to bring university teachers into industry on sabbaticals
and things like that, so that when they go back to the universities
they understand how it is they have to mold and change the sub-
stances of their courses. All right? And three, to actually educate
the people themselves right on the job.

So I would say that at least in the high tech industries they are
very aware of these problems and there is a great demand.

Mr. BOUCHER. So the demand is there in the industrial ,3ector for
engineers who have these skills?

Mr. MARKOVITS. In the high tech industrial sector, yes.
Mr. BOUCHER. Do you have any sense about the lower tech indus-

tries? Is the same true there?
Mr. MARicovrrs. No, I am sorry, I don't. I don't have that level of

interaction with them.
Mr. BOUCHER. Let me ask our other two witnesses this morning,

both of whom serve on the National Research Council and un-
doubtedly have had much interaction with industry. Do you have
the sense that across industry generally there is an awareness of
this problem and some desire on the part of most companies to re-
cruit engineers with these skills?

Dr. JONES. I would say among the leading firms, yes. But a thing
we've been talking about just this morning, there is a great mass of
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companies that provide an awful lot of jobs for the manufacturing
industries that are just barely making ends meet. Day to day ev-
eryone is putting out fires, and we cannot honestly say that these
people even recognize what in addition they need. In fact, that's
one of the jobsis to get the word out to these many, many compa-
nies that they can improve their performance greatly.

And, to make the comparison some people object to, that is one
of the big differences between the structure and interactions of
American companies and Japanese companies, where the well-
known mode there is for a large company to actively nurture quite
a number of suppliers, and those in turn will nurture a number of
suppliers.

Mr. BOUCHER. Dr. Dieter?
Dr. DIETER. One of the major manufacturing concerns in the

State of Maryland is Black & Decker, and their vice president for
technology recently served on a task force of our Higher Education
Commission on Engineering Education. And he made very sure
that in the recommendations of this Commission that steps will be
taken to strengthen manufacturing engineering education in our
engineering colleges.

I think a program that also needs to be mentioned here is the
program that's funded and managed through NIST that establishes
regional manufacturing centers that are directed chiefly at inter-
acting with the small companies that Dr. Jones was talking about.
I think that program is a very good one and needs to be encour-
aged and expanded, because I think it works at that level where
the high tech companies and the high tech input really doesn't get.

Mr. BOUCHER. Let me get you to address, if you wouldand I'll
ask all three panel members this questionthe attitude and the
procedures that exist within the engineering schools themselves.
First, from the standpoint of the simple question of prestige, is it
considered to be a good thing to do professionally to pursue a
career in manufacturing design, high technology manufacturing
engineering design, I think, is the phrase you used? Is that consid-
ered to be a prestigious thing to do? And, if not, does the lack of
stature that attends that endeavor tend to retard entrance into the
field? And, if that is true, what do we need to do about it?

And then, secondly, the faculty reward system itself. Given the
paucity of research funds that are placed into this discipline today,
and the emphasis at universities on obtaining research grants as a
means of demonstrating success and getting promotions, is there
an imbalance in that that is also causing faculty to shy away from
these very important disciplines?

So, address, if you would, the effect of the faculty reward system
and also the question of prestige on encouraging faculty to go into
these fields.

Dr. Dieter?
Dr. DIETER. Ten years ago I would say that there was very defi-

nitely a problem with prestige for design and manufacturing. I
think that one of the things that has changed that very much is
the entry of the Engineering Directorate of NSF very heavily into
the areas of design and manufacturing.

In the pecking order of universities, the National Science Foun-
dation funding is the best, and faculty who can obtain funding
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from NSF, it is a factor of prestige. So I think that NSF's participa-
tion is crucial and vital in changing this situation, and it has
changed.

Mr. BOUCHER. Has it changed to the point that it is considered as
prestigious today to be a design engineer or a manufacturing engi-
neer as it is to be someone who is involved in basic research in the
high tech area or something such as that? Is it as prestigious to be
involved in design today?

Dr. DIETER. Well, if you can do research in design and manufac-
turing and couch it in such a way as to publish it in the more pres-
tigious journals, then it is. But, if what you do is very applied, and
therefore can't be published in prestigious places, then it could be a
problem.

What we have found is that our faculty do both. Again, in the
State of Maryland in recent years we have established a program
for matching funds between industry and the university to do what
you would call applied research, and I'm very pleased to say that
these funds are very highly sought after, and by some of our wost
prestigious researchers. That doesn't mean they don't do their line
of fundamental research and publishable research, and they contin-
ue to do that. But they are very interested in seeing their research
results applied.

Mr. BOUCHER. Should we conclude that the question of prestige is
no longer a problem in terms of encouraging people to enter this
discipline today? Do you think it has been remedied to the point
that we shouldn't consider that?

Dr. Dirrsa. Well, I don't know about that, but I would say that
the ability to attract people into this field is very much a function
of the perceived fundingthe stability of the funding and whether
it looks like someone starting out building a career in this field is
likely to be able to go for some period of time.

Mr. BOUCHER. Let me ask the other two panelists to comment on
that question.

Dr. Jones?
Dr. JONES. I think we still have a serious problem on prestige. In

fact, even the terminology "prestigious journals" indicates the bias
because we have found that some of the most prestigious journals
have circulations of the order of 200 worldwide. So that a paper in
a prestigious journal may really have very, very little influence
compared with an article in something like Machine Design or
Design News or many of the periodicals that are actively read by
people in industry.

Prestige is still a serious matter. And, as Dr. Dieter says, here is
a place where NSF leadership can truly make a difference. Because
the NSF stamp of approval, their funding of work in a given area
just attaches prestige to that area within the academic community.
That's why the NSFinvestment, I think, of the Nation in NSF
pays great returns, because it does change the way people think
and it changes the areas that people work in.

The other thing is, let's face it, one of the comparisons made
among universities is simply on the baps of research dollars. It
may be a spurious measure, but it's a measure. Even U.S. News &
World Report in comparing graduate schools list that as a primary
factor, as unsound as it may be, as a primary factor. And there
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again, as Dr. Dieter says, as we have the research funding in a
given area, that adds stature, prestige to that area. That's why I
would like to see the moves made that are going to bring those
things to fruition.

Mr. BOUCHER. You know, that's the kind of concise answer I was
looking for. We do have a problem and the answer to it, you say, is
NSF giving a higher stature through its research budget to these
disciplines.

Mr. Markovits, would you care to comment on this?
Mr. MARKovrrs. Yes. Yes, I would like to. But I'd like to address

it a little bit differently. I think my colleagues have addressed the
issue of prestige as it pertains to the university and university pro-
fessional. But I think the problem actually starts earlier than that.
I think the problem starts in our high school with the fact that
most students don't believe that it's a prestigious career to pursue
in terms of basic engineering. All right? They believe that either a
business career or a career in basic research or science is much more
prestigious to pursue. And so I think the NSF funding has to be
directed at that problem too.

I think you have to address it an earlier stage. Because by the
time these students get to pick their college direction, their mind is
made up. Their perception of the prestige of different areas is
formed, and they are not going to change it.

Mr. BOUCHER. How would you suggest that we do that at that
earlier stage?

Mr. Mitaxovrrs. Well, I'll give you an example. In New York
State, there is a program called the Visions Program in which vari-
ous high tech companies in the New York area have brought in
high school teachers to work with them over the summer, and the
high school teachers then learn what it is to be involved in manu-
facturing and basic design engineering. They then bring this back
to their students, and they encourage their students then to get in-
volved in this, and they tell their students what the rewards are
being involved in this. This is the kind of communications that has
to happen.

Now, we had it, I think, back in the Sixties. I mean, back in the
Sixties it was a given that you were going to be an engineer be-
cause it was the greatest thing in the world. It was part of, you
know, the way to go. You are going to put a man on the Moon. You
don't have that today. I mean, today the picture is pictures of Ivan
Boesky and other manipulators. Right? I'm sorry, but it's true.

Mr. BOUCHER. Back in the Sixties, I guess, a lot of engineers also
did a stint with industry.

Mr. MARKOVITS. Right.
Mr. BOUCHER. And that was part of the career path. In fact, part

of the training was tied up with a fellowship in industry. That is
less typically true today, is it not?

Mr. Mwaxovrrs. Yes.
Mr. BOUCHER. Would it be helpful if we tried to instill that kind

of partnership again?
Mr. MARKOVITS. I think so. I think the companies have to take a

part in this too. Again, I hate to keepeverybody keeps referring
to the Japanese, but in many Japanese companies they will take
their new, young graduates and they will make them go through a
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stint in manufacturing. And they will learn what it is; so that,
when they go later on into research and development, they know
what it is they are developing, and they know what the implication
is going to be to the manufacturing line. We tend not to do that,
and we need to do more of that.

Mr. BOUCHER. Are there any problems inherent in the faculty
reward system that discourage people from pursuing this field, that
discourage faculty from investing appropriate intellectual and
other kinds of resources in it? Dr. Jones?

Dr. JONES. Absolutely. You mentioned the faculty reward system
in your opening statement, and no study of education, higher edu-
cation, today is complete unless it does address this very, very seri-
ous problem, which is a close-in type of problem. The promotion,
tenure, salary actions in universities are determined within the
university. When outside help is asked for, it is asked for of other
faculty members who are in the same kind of thing.

I detest writing letters to support the promotion of some col-
league in another institution I may never have visited. I don't
know what goes on there exactly. And yet I do it, because I'm going
to need some letters to get some of my people promoted. And that
system definitely needs change. Mostly it needs a bright light on it.

And I think the pressure that comes from outside, whether it be
NSF, prospective employers, prospective students and their par-
ents, to bring this promotion and tenure system out into the open
is all to the good. And there has been some literature on it. Of
course, the Charles Sykes book "Prof Scam" and Paige Smith's
book "Killing the Spirit" both address this, and I think we need
the broad light of day on those.

Mr. BOUCHER. Thank you. Other comments on that question?
Dr. DIETER. Only that a very respected person in higher educa-

tion, Ernie Boyer, has written a book called "Scholarship Revisit-
ed" which addresses this subject and attempts to show how the cri-
teria for promotion and tenure could be broadened and still meet
the rigorous standards that universities are conducting.

So I think there is a trend in this direction, but, as Dr. Jones
says, it's very, very slow.

Mr. BOUCHER. This is a question that is uniquely within the
hands of the universities and colleges themselves. Is there any real-
ization at the administrative level internally within the various
schools, within a university or universitywicie, that this problem
exists and that it needs to be addressed?

Dr. Dm-rm. I think there is a slow realization of this. You need
to realize that what happens in an engineering school in a large,
broad-based university is very different from what happens across
the board. Attitudes there very often are not the norm. But I think
it is coming slowly.

Mr. BOUCHER. Dr. Jones, do you agree?
Dr. JONES. Yes, I agree. It is very difficult to change. And I must

confess, you know, I'm part of the system, and I've prospered and
was promoted and so forth. And the system is currently in the
hands of people who have prospered under it. That makes it very
difficult to change.

Mr. BOUCHER. The public sort of complains about us the same
way, I might add. [Laughter]
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Well, that concludes my question of this panel, at least for the
initial round. I thank you very much.

And I recognize the gentleman from California.
Mr. PACKARD. Thank you, Mr. Chairman. You mentioned about

fellowships and the process of faculties going into manufacturing, a
first stint, and broadening their experience level. The reverse also.
What about manufacturers and those in industry coming back into
the classroom? Is that being done as much as it was? Or should it
be done more? And how could that be done effictively?

Dr. Jones?
Dr. Jox Es. It's being done a little bit. Certain companies have

been very helpful on this. IBM has supplied some excellent people
on faculties around the country. Otherwise, the arrangements are
usually made on a one-on-one basis. I have done it. I have had fac-
ulty members come in and spend a year, key people from compa-
nies such as Dupont, General Motors, General Electric, TRW.

These things were done simply on a one-to-one basis because, if
you are looking for someone and an industrial firm says, "Here's a
man we can spare," we don't want him. You want the man that
they really can't spare. Occasionally you can find some key person
who is between assignments or has just completed a big assign-
ment, and you can do it. That is a very healthy thing. It works
beautifully. But it is done on a very, very small scale.

There is not an average of one such person per university across
the country at this time.

Mr. PACKARD. Dr. Dieter
Dr. DIKTER. That was a very good answer.
Mr. PACKARD. Do you confirm that?
Dr. DIETER. Yes, indeed.
Mr. PACKARD. Your university.
Dr. Jones, you mentioned in your testimony that the study shows

that $6 million for this first year and $20 million thereafter for 4
or 5 years would be adequate. Has NSF factored that into their
budget, or could they? Or would that require additional appropria-
tions?

Dr. JONES. We are suggesting an additional appropriation be-
cause we do not see it in the NSF budget submittal. Now the
design research has been within the design and manufacturing pro-
gram in the F .1gineering Directorate. I believe that about 3 years
ago when I was on an advisory committee there that the expendi-
tures were about $3.5 million. And I don't have firm figures, but I
believe from talking with people there that it is about $1.5 million
into design research during the current year.

We think it is very difficult for NSF to reallocate funds to do
that within their budget because there is always that reluctance,
you know, of any other organization to give something up. There-
fore we would suggest that this be an initiative; that is, a funding
specifically for the purpose of supporting research in engineering
design.

Does that answer your question?
Mr. PACKARD. Yes. Very well.
Mr. Markovits, in your report you have recommended that the

factory be viewed as a laboratory. How do you suggest re-establish-
ing the mind-set of our industries and universities in terms of
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using industry as a learning laboratory for design manufacturing
processes?

Mr. MARKOVITS. Right. I think that the NSF could have a signifi-
cant impact upon this by funding the type of research that would
require joint collaboration between the universities and people
from our manufacturing lines, and that funding also predicate that
research has to be done to some extent in the manufacturing lines.
I think the important point we were trying to make in that report
was that it's one thing to isolate a problem and to do it in a labora-
tory. It's another thing to try and make that same study, if you
will, in the manufacturing line where control itself is an object of
or desire that you may not have. Right?

So I think if you can so direct the research so that it has to
happen in a manufacturing line and it has to be this close collabo-
ration and they have to take into account the entire systemic view
on it, understanding that a small change here is going to impact
the entire line, that's the way that the NSF could have an impact.

Mr. PACKARD. You also mentioned in your testimonyexcuse
methat the Japanese metalworking industry using advanced
manufacturing technology has demonstrated remarkable increases
in productivity and that we need to do more of that. How can we
make that transition? How can we implementwhat would be nec-
essary for us to show the same kinds of increase in productivity by
using the same process?

Mr. MARKOVITS. Well, I think I'll pick up on a comment that Dr.
Jones made before. I think his comment was the fact that many of
our industries, especially the smaller industries, are not aware of
what's out there. They are not aware of the technology that's avail-
able today. And some sort of effort on the part of the NSF to bring
these people into the circle and have them understand the technol-
ogy that's here.

We're not talking about technology that doesn't exist. It's there.
All you have to do is go over to Japan, like I did a couple of years
ago, and tour the Mazak plant and you'll understand that it's here
today. Right? But for some reason it's not being picked up by and
used by our manufacturers, and we have to somehow bring these
people into the circle, educate them, show them the benefits of this.
And then, I think, if you show the business benefits of it, that
they'll pick up on it.

Mr. PACKARD. Are we going to have the same kind of competition
from some of the Third World countries, Korea, in the metalwork-
ing areasTaiwan as well as the European Community?

Mr. MARKOVITS. Definitely. Something you need to understand
about advanced manufacturing technology is that, once you've been
able to codify this knowledge, that is, the advanced manufacturing
technologyput it into computers into knowledge bases and data-
bases; put it into these highly automated machinesthose are
highly transportable. You can take those anyplace, and you can
train people how to use them, and then you have that sort of pro-
ductivity.

You are seeing it now. You are seeing it with the Pacific Rim.
Mr. PACKARD. Have we not already relinquished our willingness

to compete in those areas?
Mr. Mmocovrrs. No, I don't think we have.
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Mr. PACKARD. Dr. Dieter, you mentioned in your testimony that
the Engineering Research Center on your campus has been very
successful. Has industry been involved in that Center, and how
could that same experience be transferred to other centers?

Dr. DIETER. Well, I think all of the Engineering Research Cen-
tersone of their major requirements is to have very significant
interaction with industry, and indeed they all do. I think at our
school we have about 25 companies that participate with our
Center in various ways.

And the thing that I think is significant about these Centers is
that they are large enough and they work on big enough problems
that they can attract companies and indeed provide opportunities
for students to get industrial experience. Every summer a signifi-
cant number of our graduate students go out and work with our
sponsoring companies. And, of course, the companies are intimate-
ly involved in planning and helping the research to be done.

This I think is a model. Maybe the scale does not have to be as
large as some of the Engineering Research Centers, but I think we
need to create more of these opportunities around the country and
at more universities so that this interaction can take place.

Mr. PACKARD. As students graduate now in engineering areas, is
it more difficult than it was 10 or 20 years ago or less difficult to
find good jobs, well-paying jobs?

Dr. DIETER. Well, of course, there is a recession on right now and
the recession has affected the employment opportunities in the last
2 years. But, if you discount that, the opportunities for engineering
students have been very fine. They have been very sought after.

Mr. PACKARD. Has that had a change or effect on the enrollment
in the engineering fields in schools by virtue of being more attrac-
tive?

Dr. DIETER. Well, there was a very great enrollment in engineer-
ing students starting around the mid-seventies and going through,
I guess, the mid-eighties. Engineering enrollment has always
tended to be fairly cyclical, and we are now on a downward trend. I
don't think it's a precipitous drop, but it is down in the last 3 or 4
year .,, probably reflecting the general downturn of the economy.

Mr. PACKARD. Can that be changed with better educational prac-
tices?

Dr. Dirrxx. Well, of course, the number of students who study
engineering is determined, first of all, by the general level of inter-
est, but then by the math and science background that the stu-
dents get in high school. You're almost predetermining the number
of students who would be eligible to study engineering in the
Nation by the number who take appropriate math and science in
high school.

Mr. PACKARD. In the last decade we have emphasized that very
thing.

Dr. DIETER. Yes.
Mr. PACKARD. Have we seen an effect?
Dr. METER. I think there has been some improvement, but it cer-

tainly has a long way to go.
Mr. PACKARD. Thank you, Mr. Chairman.
Mr. BOUCHER. Thank you very much, Mr. Packard.
The gentleman from Alabama, Mr. Browder?

56-515 G 92 3



62

Mr. BROWDER. I have no questions, Mr. Chairman. Thank you.
Mr. BOUCHER. Thank you, Mr. Browder.
Let me just inquire with this panel into one additional area.

You've done an excellent job today in giving us a sense of the scope
of this problem and suggesting some broad solutions.

One potential precise solution is the NSF recommendation that
for fiscal year 93 there be a program budgeted at $103 million for
the advanced manufacturing initiative, the precise title of the pro-
gram. I'm sure you're familiar with this. It builds on an existing
program at the NSF.

Dr. Jones, you in particular had talked about the need for high-
lighting engineering design. And I wonder if the initiative at the
NSF appropriately highlights it or whether it's so subsumed in the
overall initiative that it is rendered less significant or inappropri-
ately significant. And, if you could comment generally on that initi-
ative and in particular as to whether engineering design is appro-
priately underscored in it, I would appreciate that.

Dr. JoNEs. One thing you should notice is that $104.5 million is
not, of course, a program that stands out here labeled as advanced
manufacturing per se to the exclusion of other things. More it's a
matter of looking at things, principally in the Engineering Direc-
torate, but at about half the level in computer science and some in
the social sciences and some in math and the physical sciences,
where it's a matter of an overlay. You look at these four director-
ates and say what programs within those directorates are already
established, perhaps identified by other programs such as the Engi-
neering Centers, do bear on advanced manufacturing. And so that
is the nature of it.

You want to think of it not the same thing as a separate, stand-
alone, $104.5 million program. It doesn't have the structure or the
overall direction, to the extent that you do direct research areas,
that a stand-alone program would have. That would be one com-
ment.

There is a lot of good work included in that program, in the
$104.5 million. Everything I read indicates that you do not have
the attention that is needed on the engineering design research.
Because while engineering design is almost always very closely cou-
pled with manufacturing, there are somethere is some knowledge
we need about the engineering design process that is not closely
coupled with manufacturing and that is unlikely to get the atten-
tion that it should.

Another reason for having a separate designated program in en-
gineering design is that, as you know, over the years NSF funding
responds to proposal pressurehow many people want to do re-
search in the area. Of course, in the area of engineering design,
where the sources of stable continued funding have been minimal,
I must say the research community is rather discouraged. And so,
you don't see the proposal pressure because they feel that it's fruit-
less to apply. And that's another reason why we believe that a sep-
arate identified structured program is essential.

Mr. BOUCHER. A structured program in engineering design perse
Dr. JONES. Yes.
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Mr. BOUCHER [continuing]. Or in the broader field of manufactur-
ing technology?

Dr. JONES. Oh. I think both are needed. But I'm addressing this
reason for a structured program in engineering design research.

In the manufacturing, I see much good work in there. I think
some of the work being done by the Engineering Research Centers
is just marvelous. It is top notch. It has set a good example of how
things should be done. And like Dr. Dieter, I don't mean to say
that's the only way we should go. We need many other approaches
to doing research. I think we need to recognize where success has
been achieved. Clearly the Engineering Centers Program is one of
those.

So I am highly supportive of the $104.5 million program which
we see as advanced manufacturing. But we must remember that
that is an overlay-type program, if I'm using the right terminology,
not a stand-alone program of itself.

Mr. BOUCHER. Okay. Gentlemen, would you care to comment at
all? All right.

Let meMr. Markovits, did you
Mr. MARKOVITS. Yes, I would like to make one comment. I think

that when you consider the overall advanced manufacturing initia-
tive proposal be very careful not to exclude the part that has to do
with the soft sciences, if you will. For several years I was the
worldwide program manager for computer integrated manufactur-
ing for IBM, and I'll tell you that we saw many, many failures,
where the technology was put in but we didn't produce the results
that we wanted. And the failures occurred because we didn't make
changes to the management practices and policies, and I think
that's as critical as the technology.

So, when you structure this overall program, be certain to fund
that part that really deals with the organizational structure, the
practices and the policies. Because if there's a place where the Jap-
anese really beat us, it is in that area.

Mr. BOUCHER. Do you think that NSF should allocate more than
1 percent of its budget for manufacturing technology to the soft sci-
ences?

Mr. MARKOVITS. I do.
Mr. BOUCHER. That's what they're allocating now, about 1 per-

cent.
Mr. MARKOVITS. Yes. I do. I think you need much more.
Mr. BOUCHER. What's a good mix? What percentage would you

suggest?
Mr. MAxxovrrs. I would suggest at least like a 5 percent.
Mr. BOUCHER. Okay. Let me just ask one additional question

along the same line. There is a suggestion that perhaps this gener-
al subject rises to the importance that it ought to become part of
the FCCSET cross-cutting interagency process. Any recommenda-
tions as to whether that would be appropriate? Should we make
this one of the FCCSET grant initiatives for the coming year?

Dr. Jones?
Dr. JoNFs. I agree that you should. Very definitely.
Dr. DzETER. I thought it was.
Mr. BOUCHER. No.
Dr. METER. No?
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Mr. BOUCHER. It's being discussed.
Dr. DIETER. Oh. Okay.
Mr. BOUCHER. It definitely is being discussed. I think our next

panel may address that and mention it, but I wanted to get your
views as to whether it's appropriate.

Anything further? Mr. Packard? Mr. Browder?
We greatly appreciate the help that you've provided this morn-

ing, and we thank you fc. the time you've taken. You have enlight-
ened us greatly.

Mr. BOUCHER. We will welcome now our second panel of wit-
nesses: From the National Science Foundation, the Assistant Direc-
tor for Engineering, Dr. Joseph Bordogna; Dr. James Solberg, Di-
rector of Engineering Research Center for Intelligent Manufactur-
ing Systems at Purdue University; and Dr. Alice M. Agogino, the
Associate Director for Curricula Reform of the National Engineer-
ing Education Coalition and Associate Professor of Mechanical En-
gineering at the University of California at Berkeley.

We would welcome our witnesses this morning. And, without ob-
jection, we will make your prepared written statements a part of
the record and would welcome your oral summaries.

And, Dr. Bordognadid I pronounce that correctly?
Dr. BORDOGNA. Bordogna.
Mr. BOUCHER. Bordogna. We'll be pleased to begin with you, sir.

STATEMENT OF DR. JOSEPH BORDOGNA, ASSISTANT DIRECTOR
FOR ENGINEERING, NATIONAL SCIENCE FOUNDATION, WASH-
INGTON, DC.; DR. JAMES J. SOLBERG, DIRECTOR, ENGINEERING
RESEARCH CENTER FOR INTELLIGENT MANUFACTURING SYS-
TEMS, PURDUE UNIVERSITY, WEST LAFAYE1TE, IN; DR. ALICE
M. AGOGINO, ASSOCIATE DIRECTOR FOR CURRICULA REFORM,
NATIONAL ENGINEERING EDUCATION COALITION AND ASSOCI-
ATE PROFESSOR OF MECHANICAL ENGINEERING, UNIVERSITY
OF CALIFORNIA AT BERKELEY

Dr. BORDOGNA. Thank you. Chairman Boucher, Mr. Packard,
members of the subcommittee: Thank you very much for the oppor-
tunity to testify on the efforts of the National Science Foundation
in design and manufacturing education and research. Before begin-
ning I'd like to offer on the basis of the comments I heard from the
previous panel that the written statement includes a specific list of
enhanced efforts to support improved design and engineering sys-
tems for the fiscal year 93 budget, the so-called $25 million addi-
tion.

Let me briefly summarize the thoughts in the written statement
now. I want to begin by describing a vision for manufacturing that
is the focus for the planning at NSF and indeed that of many other
related Federal agencies as well. And this vision is being forged out
of intelligent and farsighted reports and studies suchfor example,
the NRC's "Competitive Edge." Its separate components, as dis-
cussed by Mr. Markovits in the previous panel, are presently under
development on factory floors, at universities and colleges, and in
government labs. The challenge is to integrate these efforts for the
national good.
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Spurred by the global economy, the rapid development of ena-
bling technologies and the advent of a high performance national
information infrastructurethe so-called National Research and
Education Network is a piece of thatmanufacturing is moving
toward a new paradigm where both the enhancement of physical
power from the Industrial Revolution and now the enhancement of
intellectual power from the Computer Age are synergized and con-
currently coupled to production, resulting in so-called lean, agile,
intelligent and adaptive manufacturing enterprises capable of re-
sponding quickly to the demand for high quality, highly customized
products at lowest possible cost.

I want to add here, I used four words: lean, agile, intelligent and
adaptive. These words tend to surface now and then. They all
pretty much mean the same thing, and I want to emphasize we
shouldn't get tied into any one word to describe the overall effort.

These highly competitive enterprises will incorporate productive
systems that support more rapid product development, shorter pro-
duction life cycles, and increased flexibility and efficiency in the in-
tegration of machinery, materials and human resources. They will
incorporate integrated methods for design, production and quality
control based on new knowledge and technologies, and they will be
responsive to social and environmental concerns.

These enterprises will compete in their capability to react quick-
ly to opportunities for creating shared wealth and to capitalize on a
climate of perpetual change and uncertainty. To rapidly develop
and introduce salable products at an increasingly faster pace, the
design process will be linked closely with marketing and sales at
the output end to know what customized features are desired, and
at the discovery end with research and development to capitalize
on the Nation's extensive science and technologies base.

The new manufacturing enterprises will utilize intelligent manu-
facturing processes that optimize outputs of the use of sophisticated
sensor systems and closed loop feedback control. As an example, on
a computer numerically controlled lathe tool wear will be sensed as
the part is processed, but the system can compensate for the wear
that continuously results, thereby permitting tighter tolerances
and fewer rejects. This was not possible previously without the
advent of good computer software and sensing techniques.

In a global economy, competitive success will accrue to comps -
nies that can absorb and apply new innovations quickly, no matter
where those innovations originated and no matter the size of the
company. To build this capacity to respond, innovative couplings
between universities, industries and government laboratories must
be fostered to exploit new discoveries. For example, effective net-
works must be developed that link multi-level manufacturing ex-
pertise with the skilled factory floor work force and the engineers
who design, innovate and make things work.

At the discovery end, university researchers who push the limits
of process understanding will do in close association with industry
in order to focus research agendas on salient wealth creation ac-
tivities. Government laboratories must work hand in hand with in-
dustries and trade associations to develop and improve process
technology.
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As this new production world emerges, the skill base of the na-
tional work force becomes a dominant comparative advantage. En-
hancing the capabilities of workers to make decisions, convert ideas
into designs and products, and receive and implement new technol-
ogies developed through research is the true grand challenge for
our Nation. Meeting this challenge requires creating a complex in-
frastructure that enhances the rethinking and information-handling
capabilities of the Nation's work force. Indeed, manufacturing must
come to be viewed as a national asset, and jobs and careers in man-
ufacturing must be highly regarded.

NSF already has many of the essential elements in place that
underlie innovation in design and manufacturing systems and
could catalyze efforts to foster development and deployment of the
enabling technologies, systems integration knowledge and human
resources required to effect a timely shift toward more effective
production systems.

In fiscal year 1993 NSF requested $104.5 million for advanced
manufacturing research, an increase of $25 million over the fiscal
1992 base of $79.5 million. Within this base, NSF supports a broad
array of fundamental research, enabling technologies and educa-
tional activities involving a wide variety of partnerships among
academe, industry, the States and other Federal agencies. Let me
give you some examples.

Within the Engineering Directorate, about 20 university-based
centers are supported that focus on various aspects of design and
manufacturing technologies. For example, the Purdue Engineering
Research Center on Intelligent Manufacturing Systems is making
important advances in technology to integrate design, process and
quality control in a computer integrated manufacturing system for
quick turnaround, small-piece processing. The ERC for Net Shape
Manufacturing at Ohio State University focuses on high perform-
ance programmable process control technologies to optimize the
processes underlying our manufacturing industries overall.

Within the Computer and Information Science and Engineering
Directorate research is supported in the high performance comput-
ing and communications, hardware and software computing tech-
nologies, integrated microelectronic systems, graphics and visual-
ization, databases, automation, and machine intelligence.

The new Social, Behavioral and Economic Sciences Directorate at
NSF focuses on the human dimensions of manufacturing, such as
examining the ways that individuals function within manufactur-
ing systems and the impacts of different organizational and man-
agement structures on manufacturing systems. And I would offer
here that the person who has been appointed to lead this new di-
rectorate is a sociologist who has done research on the human di-
mension in manufacturing, and that was a purposeful recruiting
aim.

In fiscal year 1993 NSF will build on this existing base of sup-
port, focusing on the development and integration of the various
elements needed to support improved manufacturing systems. NSF
activity will complement related activities at DOD, NASA and
NIST.

Last month, the White House announced that the Federal Co-
ordinating Council for Science, Engineering, and Technology
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(FCCSET) will be developing a coordinated interagency research
and development initiative in manufacturing. This effort will seek
to leverage the world-class technological capabilities of the Nation
to address the manufacturing needs of a broad sweep of industrial
sectors. This is a timely and vital activity, for real success will only
be achieved by teaming the top talent and best resources of govern-
ment, industry and academe working together effectively.

In the end the test will be our ability to integrate an enabling
work force with enabling technologies and an enabling information
structure to manufacture products and systems which are increas-
ingly salable throughout the world. A corollary asset will be fresh
models for adaptive management and organization. And, in fact,
part of the NSF fiscal 1993 budget is a new management of tech-
nology program closely integrated with this manufacturing initia-
tive.

Mr. Chairman, that concludes my testimony. I'll be happy to
answer questions when we get to that.

[The prepared statement of Dr. Bordogna follows:]

r)
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Chairman Bomber. Mr. Pack rd. and members of the Subconintittee, thank you for
the opportunity to tardy on the efforts of the National Science Foundation in
manufacturing education and Theron. Before discussing the NSF programs in some
detail, allow me to describe a vision for 21st Century Manufacturing that is driving the
planning at NSF and indeed that of other related federal agencies as well.

This vinion represontri a growing consensus of knowledgeable people. and is being
forged out of inteffigent, farsighted studies and reports. such as The Competitive Eau)
(Notional Ramon Council), Midajtimugs (MIT Commission on industrial
Proffuelivihi. and ailLS.412111Iidledifalffrffillaffalffitiaten eaffhilticturing
Forum, Lehigh University). it is also being ilitnninsted by such thought leaders as
Laster Thurow and Plater Drucker, and by experience from federally sponsored
marartacturing programs, such as NSFs Enginering Reseeroh Centers, N1ST's
Manufacturing Technology Centers, and DOD's MenTech program. Let me briefly
describe this vision of manufacturing to give you a context for understanding the
efforts of NSF and other agendas.

A Vision for 21st Century Afilltufseturtng

Spurred by the global competitive environment, the increasingly rapid development of
new enabling technologies, and the advent of high - performance computing and
communications, marufacturIng is moving toward a new paradigm: when both
human physical and inteffectua paver are synergized and =pied to production,
resulting in so-ailed +eon and agile manufacturing enteraleee, capable of responding
quicidy to the demand for high quality, highly customized products at the lowest
possible amt. Highly competitive industrial enterprises will Inoorporate prctduction
systems that support more rapid product development, shorter production life cycles.
and Increased flexibility and efficiency in the use of machinery, Material and human
resources. They will have integrated methods for design, production, and quality
control based on new knowledge and teohnOlOgy, and they will be responsive to Social
and environmental concerns.

Future manufacturing enterprises will compete on their capability to reed quickly to
opportunities for crating wealth and to capitalize on a climate of perpetual change
and unertaInty. They will assimilate field experience and technological innovations
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easily, continually modifying products, processes and services to Incorporate them.

Since prooucts will bo continuously phasing In and out of production, reprogremmable,
reconfigurable, continuously changeable production systems, Integrated into a new,

information intensive. manufacturing system will be required.

Design and manufacture will be highly regarded ass coordinated art and a
knowledge-based Integrated process. To rapidly develop and introduce new products

at an Increasingly faster pace. the design process thus becomes a production

capability. At the users end. design Informidonwill be linked closely with marketing

and =sob knowuhatentordzetilseturessrs desirectatthe dieornery end, with
researdtard-developritentio acitellas.ca Monition*atasailivelcisnos and
tooling:edgy base. in addition. the growing matey to develop now 'designee
nieterfais will :aid to mesa= charactenelics having an increasingly catalytic impact

on product design.

Future agile enterprises will utilize intelligent manufacturing processes that optimize

outputs through the use of sophisticated sensor systems and dosed-loop feedback
contra For example. on a Computer Numerically Controlled (CNC) lathe. tool wear

will be sensed as the part Is processed so that the system can compensate for the

wear that results. thereby producing tighter toleranoss and fewer rejects. Indeed the
entire product life cycle will be viewed as * 'dosed loop' process. In this sense,
production systems will Icahn= the use of energy and materials, use environmentaly
benign manufacturing processes and plan for the eventual recycling of products into

reusable starling materiels.

In the global soonomy, competitive success will accrue to companies that an absorb
and apply new innovations quiddy - no matter where originated. Organizational

capacity - rather than specific features of any technolOgy *self - will determine how
quickly new technologies are diffused within a CornPanY. Helping companies develop
that organizational capability becomes an important new mission for government. To
respond, innovative couplings between universities, industry and govamment
iaboratories must be fostered to exploit new discover= and apply engineering

solutions to manufacturing problems. Effective networks must be developed that link
multi-liveied =ransoming expertise with the sidedshop400r workfare*
engineers who design. Innovate and make things work.

At the discovery end. university researchers who push the Nmits of process
unclerstandng will do so In does aseocielion with Industry In order to foes research

agendas on 'wealth creation' activities. Government laboratories will work
hand-Inhend wah Industries and trade sekvistions lo develop and improve process

technology. New regional manufaCturIng Centre MI focus on advanced pones
technologies keyed to regional economic development *Nagle&with technology
Innovation and deployment, coupled with worker educellonfireining as major goals.
These regional fool wig promote a -cuitire" of continuous creativity and Innovation, and

2
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wilt be ,supported by cooperative linkages with Incipst ty, state and federal
governments, and trade associations.

As the agile production world emerges, the skill base of the national workforce
beoomes the dominant comparative advantage. Enhancing the capabilities of WOrke.;$
to make decisions. convert ideas into designs. and receive and implement new
technologies developed through research Is the true 'grand challenge* for our nation.
Meeting this challenge requires creating a complex Irdraettuctur that enhances the
thinking and iltiOrtflekNi handling capabilities of the nation's woridorce.

MenultioludefeldielmprovelasUfs orilkadU ateuessan advileuldalinulultdng
The industrial base must be able to use new cemputemminunioitiOne-besed
technologies, employ statistical quality control, manage Just-In-0ms inventories, and
operate Seale manufacturing systems. To do this requires that average workers
acquire levels of education and 'Ida that they have not had to have in the put.
Adams must develop between industry and academe to Identify and deploy th,
critical knowledge and skills required for agile manufacturing. New technologies must
be harreseed to deliver this knowledge, such as using television and computer-
communication links to Industrie! sites and community colleges to provide seminars
and woicahops adds.

In the future industrial enterprise, technicsiirodented professionals must be able to
quickly absorb and Integrate new knowledge into the design, production and
management process. Education must empower and enable them to assume
stronger leadership roles. Currently, manufacturing is of low prole Interest at many
universities and technical colleges. Marty science and ringkieering faculty have had
little experience in how things are made. This must be remedied by changing the
culture of modems to value the Inturadon and synthesis of knowledge as highly as is
discovery. In the future, manufacturing must oome to be viewed as a nationsl suet
and careers in manufactuting must be highly regarded.

What Ms National Sokoto@ Foundation eon do

NSF already has many of the essential elements In place that underlie innovation in
design end manufacturing systems, and could catalyze efforts to foster the
development and deployment of the enabling technologist,. systems integration
knowledge and human resources required to effect the timely shift In paradigm toward
agile and lean production systems:

NSF's longterm strategy is to catalpa development and deployment of the enabling
technoldgies and systems integration knowledge and to address problems related to
the effective use of human resources. This strategy builds on basic research and
initiatives In education and human resources, advanced materials and processing,
advanced manufacturing, management science, and high-performance computing and

3
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communications. The pan is to: (1) support the scientific and technological base for
advanced manufacturing; (2) interact with the culture and context of university

research and education toward support for *agile` manufacturing, (3) address the ne3d

for curriculum and laboratories essential to meeting the human resources needs in

manufacturing, and (0 zwpie Industry with academe In order to integrate the effort

and decloy human talent and technology. NSF activity complements related activities

at DOC, NASA, and NIST.

The FY 1902 Ease

In FY ltek.tilleiteeteaseed1104,51rillkator.adimaosclawmtdamustng
ressamiu w-

ine:mass of $25 ninon myths FY 1t12 basirot WWI miaow- WNW tits beargetiello

supports a broad array of fundiunentel research, enabling technologies, and
educationsl activities involving a wide. variety of partnership, among academe,

Industry, the EMS* and other federal agendas. Such efforts induds basic disciplinary

research underlying the technical base and the more focused FCCSET Initiatives on

advanced mantels and processing, education and human manumits, and

high-performance computing and communications.

Mean the Engineering Directorate (ENG), about 20 university-based centers are

supported (In cooperstion with industry) that focus on various aspects of design and

manufacturing teohnolcgies. For example, the Purdue Engineering Reeeamh Center

(ERC) on Intelligent Manufacturing Systems Is making Important advirdOss

teohnolagy to ins Brats design, processing, and quality control in a

comPulefAntecirstsd Mantgaatiging system for quick-turnaround small-batch
processing. The ERC for Net Shape Munutsoturing at Ohio State University *Mlles

on high performance orogrammsble prooses-control technologies to optimize the

mason underlying our manufacturing industries. There is a Strategic
Manufacturing initiative for support of group research (currently with DOD

participation). Related reenroh Is supported on manufacturing and processing

technologies aimed at the microelectronics, photonice, and cOtoelentronks industries

and on the design of Intelligent control systems. In add Winn, ENG coordinates the

Small Business innovation Research (SBIR) program, which entourages firms to
commercialize minutia:suing technology. In FY 1991, SBIR manufacturing grants

totaled about $5.5 million.

The Computer and krtormation Science and Engineering (CISE) Directorate's
manufacturing-related research focuses on advanced computer and Information

technologists that support distributed design and Intelligent manufacturing of objects:
system-Wei issues that arise in understanding, hedging, and Integrating the

component manulaokaing technologies to form Integrated manufacturing systems; and

the computing and networking infraeStcture and aerobes meow make
distributed manufacturing a reality. The CISE base supports research in

high - performance computing and communications technologies, hardware and

BEST COPY AVA!Lt71:
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software computing technologies, integrated microelectronic systems, graphics and
visualizett,n, databases. automaton, machine intelligence, and other *netting
technologies, and the application of Information science and technology to
manufsctuting. CISE, DARPA, and MANTECH are supporting a national design study
on advanced manufatuang technologies and systems. A workshop on Information
Technology and Manufacturing in May 1992 provides a platform for the FY 1993
initiative In this area.

The new Social, Behavioral and Economic Sciences (SEE) Directorate focuses on
human dreenelore a mamilsoluiing. For example, SSE resew* is examining the
vasgeSitatiladtaidusialunolloamilhin reare.dsoludng splainiand the impealeat
cathitent orgarixadonal and management struclureiren sienutaelannerielamm-. It isIP
also examining models and algorithms for dasigning and rogrloPtoil production
processes, and dfferent decision-support systems end misted informadon
technologies that affect management of production processes. Many projects-are
being funded collaboratively by private firms through a special joint private-sector
inklative.

The Mathematical and Physical Sciences (MPS) Directorate is exploring dynamic
models of materiels properties and behavior to provide realistic simulation of materials
performance in production processes; and is also using evolving mathematical
technicues, such as stochastic mailing, and statledoel quality control, to optimize and
control physical manufacturing processes.

There we also a number of Science and Technology Centers (STCs) that advance
manufacturing technology. Support is also provided for education and human
mecums, such as student fellowships and trainseshipe; four large university coalitions
aimed at engineering education reform; research experiences for undergraduate
studerrs; expanded pa potion of women and minorities; and laboratory development
projects. There are aso Engineering Faculty internships to further encourage faculty to
conduct research within an industrial setting.

The FY MISS Effort

In FY .993, NSF will build on this existing base of support, focusing on the
develoornent and Integration of the various elements needed to support 21st Century
manufacturing systems. These include:

Intelligent manufacturing processes that optimize outputs through the use of
sobtriedaded sensor systems and ctiosecHoop feedback controls.

New technologies for intelligent manufacturing and their integration Into
complete systems.

a
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Sapid prototyp ng of parts ante products through the use of CAD tools and
:abncation techniques.

CAD/CAM tools and integrated systems for design, analysis and simulation of
manufacturing processes and products that can be used throughout the entire
product lifecycle.

New systems for distributed design and manufacturing and ways to link
processes via Integrated software and hardware and the development of the

neoesemy interlaces; Mended& netwodra,.and dalabtaes-, ro..44.4*-5,41.A.Ver.V.6 APINne.'

Models for distributed manufacturing systems and integrating the Informadaniri
and physical aspects of advanced manufacturing.

Microfabricatlon techniques and methodologies to permit the low-cost
production of microelectronic, Nimbi: mechanic*, and integrated
microsiectriosimechanical devices and products.

iEnvironnientally benign processes that minimize any potential negative Impacts
on the environment.

Techniques for the management of new technology.

In the long run, the goal of this FY 1903 Integrated Initiative is to develop the
capability to model and integrate the complete product tife-cycle from customer
Inters:don end product oonospdon to final product delivery and distribution, coupling
technology so managerial and economic requirements, and inoorporslIng such
practices as total quality management, concurrent engineering, and Integrated
logistics.

In the short run, the vitality of U.S. manufacturing will depend on: (1) successfully
ircorpcntting extant and stateof-ths-art tochnolegies and but engineering and
management practices Into industrial enterprise*: and (2) improving work force
education and training, Inducing applying the latest educational technologies. NSF will
network existing design and manufacturing research centers to other efforts foaered
CM education reform and technology transfer, such as the NIST Manufacturing
Technology Centers, and the Stale InduldwUrtherWay Coopers*, Research Centers.
There am also plans to establish additional Industryarniversity cooperative research
oentert focused on advanced mint:booing keyed to economic development
smog eis for states, with technologytransfer and worker education and training as
ms or program components.

In conclusion, let me emphasize that the nation must rediscover and dedicate itself to
the development of manufacturing technologies. based upon the realities of the global
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market. A national effort must be erected to develop the infrestructure requirements
for SOO manufacturing. Last month the White House announced that the Federal
Cohn: instinct Council for Science. Engineering, and Technology (FCCSEM wiU be
developing a coordneted interagency research and development initiative in
Manta SOWN. This effort will seek to leverage the woricklaw technological
capitalise of the United Steles to address the manufacturing needs of a broad swoop
of Industrial sectors. This is a timely and vital activity, for real success will only be
achieved by teaming the top talent and best resources of government, Industry and
ecradems, siotidng logedw effectively.

.

here before you today. I will be happy to answer any amebae that you or you
colleagues may have.

9 h
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Mr. BOUCHER. Thank you, Dr. Bordogna.
Dr. Solberg?
Dr. SOLBERG. Good morning, Mr. Chairman, members of the sub-

committee. Thank you for the opportunity to appear before you
today.

I bring a hopeful message. Over the past 7 years, I have seen a
transformation at my university driven by the ERC program.
Before the ERC, we were like most universities still are, very indi-
vidualistic, fairly remote from industry, lacking any real cross-dis-
ciplinary integration, and educating our students as narrow spe-
cialists with strong analytical skills but little emphasis on design.
The ERC has changed that. We are now educating students to work
in teams with people from other disciplines. We conduct our re-
search with the direct participation of industry. We are carrying
out a long range strategic plan.

The way we do research is different, and the nature of the re-
search is different. The way we do the education of students is dif-
ferent, and the character of that education is different. And the
way we work with industry is different.

The reward system has been permanently changed. That's some-
thing we may want to discuss further.

I think the best thing we have done is to get the best and bright-
est students to see manufacturing as an appealing career track. I
know that other ERCs have had similar experience, and I believe
we've had success in changing the culture of the university beyond
the hopes of the architects of the program back in 1984 or 1985.

There have been a number of independent studies that confirm
this success by the Government Accounting Office, by the National
Academy of Engineering and others. To me the most compelling
evidence comes from a recent studyI'm not sure it's been re-
leased yet. It was conducted for the National Science Foundation
by an independent group from, I believe, the University of Wash-
ington. And what they did was to survey the employers of gradu-
ates of the program. These employers indicated that the students
they had hired were superior in several ways. They were better
prepared to work in industry. They were better working in cross-
disciplinary teams, quicker at getting up to speed, they had a
better sense of the whole system, were better at design, and so
forth.

The single best indicator of their satisfaction was that they
wanted to have more of these same kind of students. So based on
that I have three recommendations.

There should be more ERCs. It was originally, I think, an experi-
ment. We now have enough evidence to conclude the experiment
was successful, so I think the number of ERCs should be increased.
Not that they are the only way to succeed, of course, but this is one
method that works.

Secondly, the existing ERC should be sustained and possibly ex-
panded. You know, we have an unfortunate tendency in this coun-
try to want to plow new ground rather than harvest the orchards
that were planted several years ago. That's one of the ways we
differ from the Japanese and other competitors that we're atten-
tive to. So I'm just reminding you that thiswhen we find some-
thing that works we should try to exploit it.

.J6
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Third, and this is a different issue. We need to be more proactive
in involving underrepresented groups in engineering. Particularly,
women and minorities are going to be needed as part of the work
force, the technical work force in engineering and they have his-
torically been underrepresented, as you know. The ERCs are taking
this issue as part of their mission, particularly over the last 2 or 3
years. The National Science Foundation has created some new ini-
tiatives in this area. Probably more could be done.

Again, thank you for this opportunity to speak, and I'd be happy
to answer questions.

[The prepared statement of Dr. Solberg follows:]
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Committee on Science, Space and Technology

U. S. House of Representatives

Mr. Chairman and members of the committee:
Thank you for the opportunity to appear before you today. I am the Director of

the Engineering Research Center for Intelligent Manufacturing Systems at Purdue

University, one of the ERCs established by the National Science Foundation starting in

1985. The ERC program was designed specifically to help American industry become

more competitive by addressing a number of perceived weaknesses in the infrastructure

that supports innovation. These weaknesses included such factors as the narrowness of

technical disciplines, the gap between universities and industry, aninadequate emphasis

on design, and the lack of attention to "systems" issues in our engineering education

syste'-a.
At the time the program began, the ERCs represented an experiment to determine

whether radical new approaches to engineering education and research could really take

hold in universities, which, like most of our large institutions, tend to resist innovation. I

can now report that the experiment was a success. In fact, the ERCs have accomplished

more in less time and with less money than any of the people who created the concept

expected. This fact has been confirmed by a number of independent studies.

One very recent study surveyed the employers of graduates of several of the

ERCs, including our own. The employers indicated that these students had been better

prepared in several important ways for working in industry than the usual engineering

students. Perhaps the best indicator of success was that mostof the respondents were

eager to hire more of the students graduating from these ERCs.

A profound change, which some have called a "change of culture," has occurred

at those universities where ERCs are located. It would be better to call it an enrichment

of the culture, because we are really adding to the strengthsof our traditional approaches

to research and education, which are still the envy of the world. Regardless of how the

transformation is labeled, the ERCs have cultivated anevolution to a new academic

research environment in which the disciplines work together totackle the larger scale and
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more technically diverse problems that occur in advanced technology today. The faculty

are also working much more closely with partners in industry, which provides direct and

indirect benefits to both sides. The smooth transition of research results from the

university laboratories into industrial use, the awareness of the real needs of industry on

the part of the researchers, and the educational process itself are all better served by this

new environment.

The research carried out under the ERC is all cross-disciplinary, and is oriented

toward the specific needs of industry. Some fifty companies have collaborated in our

center. In addition to leveraging the funding from the National Science Foundation for

highly cost effective financing of research, the facilities, expertise, and guidance provided

by industry enable the ERC to attack large scale, realistic problems that could not

otherwise be addressed in a university. The experience provided to students in dealing

with the "real" problems is invaluable in preparing them to assist in the competitiveness

challenge faced by American industry.

Examples of the technological advances include a Quick Turnaround Cell for

rapid production of one -of -a -kind machined parts, a high-level computer modeling

system to support product design and analysis, process models for improved control of

several types of manufacturing processes, and basic theory and methodology for planning

and control of assembly operations. All of the projects follow a ten year strategic plan

leading to an integrated demonstration of the world's rust Intelligent Manufacturing

System by 1995.

Along with many technical advances, the ERC research has provided new

approaches to product design, to manufacturing process control, and to system

integration. The pace and quality of technology transfer have been improved by the

unique mechanisms for interaction between the university and industry. The ERC has

permanently changed the culture of the university, and also promoted changes in industry

that encourage innovation for competitiveness. Finally, none of this would have

happened without the ERC, or some similar kind of organization.

So what of the future? The coverage of the existing centers, from either a

technical view or the number of companies and universities influenced, is still quite

small. In order to have a large impact upon the nation's industrial practices and the

educational pipeline, there should be more such centers. The evidence that they work is

substantial, and the models for how to do it are available.

Secondly, we need to sustain and expand the effort at existing ERCs. Many of the

existing centers have developed new concepts in their laboratories which are ready for the

next stage in development, which we might call "functional prototyping." These
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functional prototypes would be working versions of the new technical concepts. They
would provide private industry with a proof of the viability of new concepts developed in
the universities, and thereby provide a rational basis for a business decision to develop or
adopt the new technology. These functional prototypes could go a long way toward
filling the gap between what universities can do in their laboratories and what private
industry can do based upon profit incentives.

Third, we need to broaden our educational programs. In particular, we need to
make a serious effort to bring more women and minorities into the mainstream of
engineering. Ar you no doubt know, thesegroups have a disproportionately low
representation in the profession, but we are trying to change that. The factory worker of
the future, as much as in every other sector of our economy, must possess marketable
skills to remain employable, and the standards forthese skills are rising. Our country
must not fail to develop the full technical capabilities of all of our young people.

In closing, I would like to emphasize again that our most important product is our
students. We in the universities have the opportunity to influence bright young people at
the time they are choosing their careers. It is a time in their lives which is of great
importance not only to them as individuals, but to the nation. I hope we can inspire them
to turn their talents to productive goals, to prepare them to help American industry
maintain its competitive edge, and to stimulate them to continue that thrust throughout
their lives. I cannot think of anything more vital to the long term security of America than
this.

9C
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Mr. BOUCHER. Thank you, Dr. Solberg.
Dr. Agogino, we have already introduced you. We welcome you

this morning. And your written statement will be made a part of
the record. We would welcome your oral summary.

Dr. AGOGINO. Thank you, Mr. Chairman, and members of the
subcommittee, for the opportunity to testify before this panel.

The Synthesis Coalition is comprised of the following eight edu-
cational institutions: California Polytechnic State University at
San Luis Obispo, Cornell, Hampton, Iowa State, Southern, Stan-
ford, and Tuskegee Universities, and the University of California
Berkeley, from where I come. We represent diversity in geographi-
cal locations as well as variety in size, mission and institutional
types.

The patterns of current engineering culture in industry reflect
those of our educational institutions. We as educators have an op-
portunity to change that culture of engineering education which in
turn will filter into the industrial environment. Several recent
studies from the National Research Council, of which you've been
summarized this morning, predict that not only do industrial and
academic institutions need to restructure to meet today's competi-
tive pressures, but the engineer of the next century will need a
much broader range of skills.

The goals of the Synthesis Coalition are to develop an infrastruc-
ture and blueprints for model programs that will (1) systematically
restructure our undergraduate curricula to meet the needs and
competitive pressures of the 21st century and (2) substantially in-
crease the number of underrepresented minorities and women in
the undergraduate engineering programs and our graduate school
pipeline. As a coalition with a shared vision and diverse, yet com-
plementary, strengths, we will be able to attain levels not possible
by funding individual researchers, and we have structured our ef-
forts and goals such that the NSF funds have provided substantial
leverage for additional industrial funds, institutional matches and
collaboration.

Our strategy for curricula reform is directed towards solving
nine very specific problem areas. I will focus my testimony on
those that are related to integrated design and manufacturing edu-
cation.

Our students today are not exposed to enough synthesis and
open-ended problem solving. Our curricula tends to be compart-
mentalized without enough interdisciplinary content. Students'
progress through our curricula are disjointed and poorly integrat-
ed. There is little concurrent engineering and life-cycle design syn-
thesis taught. Concurrent application of multiple disciplines
through the product realization cycle requires team design experi-
ences which are largely absent from the curricula today.

Not enough exemplary industrial design practice and experience
are embedded in the curriculum. In particular, as recommended in
the NRC report on improving engineering design, there is a need to
communicate successful or design practices from industry.

The consequences of these problems in the engineering curricu:
lum today are that the production of engineering graduates that
are skilled at disciplinary analysis. We do do that well. But they
lack skills in synthesis, inter- and multi-disciplinary problem solv-
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ing, concurrent engineering, teamwork and communication. Not
only are we producing engineering graduates that are narrowly fo-
cused and not prepared for the competitive pressures in industry
today. We are also systematically losing those very students that
could provide leadership in business and public policy.

In addition, we are not exploiting the diversity and strength of
our Nation's human resources. The engineering graduates we
produce do not reflect the ethnic diversity of the U.S. population.
The appalling lack of female representation in the engineering
ranks transmits the perception to our young women that the field
of engineering is not open to them, and thus they do not apply to
our engineering programs.

I believe the U.S. should exploit this diversity and use it as an
asset, not a liability. If large portions of our population are disen-
franchised to this Nation's technical leadership and development,
our race relations will only continue to suffer and we will not have
met the broader needs of our multicultural Nation. Our ability to
compete in an international marketplace requires utilizing the
broad range of talent that exists in our population. Plus it is appro-
priate that the engineering pipeline should be a high priority in
the Coalition's strategic plan.

Our vision of an integrated curriculum is one in which the sepa-
rate curricula pieces will be woven into an engineering tapestry to
provide breadth while maintaining a commitment to engineering
fundamentals. In particular, it is our view that design and manu-
facturing education should not be separated subjects, but part of an
integrated whole within a broader societal context. Sensitivity to
market issues, environmental concerns, and quality design and
manufacture of engineered products require a change and a mind-
set that cannot be taught in a single course. One does not provide a
catalyst for cultural change by means of a single course. These con-
cepte. must be woven throughout the curriculum, starting at the
freshman level and preparing students for a career of lifelong
learning.

In conclusion, I believe that the NSF Undergraduate Engineer-
ing Program is a creative and promising solution to many of the
problems that I have outlined. It couples predominately undergrad-
uate institutions with major research universities. It has allowed
us an opportunity to work with Historical Black Colleges in setting
curricular strategies that are implementable to a wide range of in-
stitutional settings and to tackle critical human resource problems.

Going beyond the goal of effecting small level changes at a par-
ticular institution, the Coalition program has the potential for
making broad-ranging systematic changes across our Nation's
system of higher education. Engineering ;education cannot develop
in a vacuum, however. Continued support for research and design
in manufacturing methods and technology is of paramount impor-
tance. Research and education should be viewed as complementary
intellectual endeavors.

That concludes my testimony. Thank you.
[The prepared statements of Dr. Agogino and Mr. DeZutter

follow:]
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Mr. Chairman and Members of the Subcommittee:

Thank you for the opportunity to testify on Manufacturing Education and the
programs of Synthesis: an Undergraduate Engineering Education Coalition,
partially funded by the National Science Foundation.

I will focus my testimony on three issues: What we teach, how we teach and w h o
we teach.

OVERVIEW OF THE GOALS OF SYNTHESIS

The Synthesis Coalition, supported by the National Science Foundation and
industrial partners, is comprised of the following eight educational institutions:
California Polytechnic State University at San Luis Obispo, Cornell, Hampton, Iowa
State, Southern, Stanford, and Inskegee Universities, and the University of
California at Berkeley. We represent diversity in geographical locations as well as
variety in size, mission and institutional type. The focus of all our Coalition
projects is on synthesis; a blend and fusion of new curricular strategies designed to
create a new breed of engineer, who is skilled at multidisciplinary open-ended
problem solving and design within the context of broader societal factors.

The patterns of current engineering culture in industry reflect those of our
educational institutions. We as educators have an opportunity to change the
culture of engineering education which will in turn filter into the industrial
environment. Several recent studies have shown that not only do industrial and
academic institutions need to restructure to meet today's comprtitivo pressures, but
that the engineer of the next century will need even more skills [1 -31. These
engineers "will need to play a broader, overarching role described variously as a
generalist, a system engineer, one combining technical competence and social-
political-financial competence" [11. "What modern manufacturing needs is not
getting are master technicians and Renaissance engineers. Instruction . . . should
emphasize the application of new ways to improve quality and productivity, such as
techniques for robust design, quality programs, production control mechanisms,
and new accounting systems . . . [21. " .. design must be distributed throughout the
engineering curriculum, beginning with introductory design courses, which serve
the dual purpose of introducing the design process and demonstrating the relevance
of the engineering courses to design, and continuing as a part of more advanced
engineering courses13 1.

The goal of the Synthesis Coalition is to develop an infrastructure and

2
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blueprints for model programs that will (1) systematically restructure our
undergraduate curricula to meet the needs and competitive pressures of the twenty-
first century and (2) substantially increase the number of underrepresented
minorities and women in undergraduate engineering programs and the graduate
school pipeline. As a coalition with a shared vision and diverse yet complementary
strengths we will be able to attain levels not possible by funding individual research
projects. We have structured our efforts and goals such that the NSF funds will
provide substantial leverage for additional industrial funds and collaboration.

The major goals of the Synthesis Coalition in integrating the undergraduate
engineering curriculum are highlighted below in each of four thrust areas:

Curriculum: Develop, test and implement new engineering curricula through
use of interdisciplinary curricular options, modular materials, new information
technologies, and horizontal and vertical integration of topics.

Supporting Technologies: Develop and implement the computer-based National
Engineering Education Delivery System (NEEDS) to archive and provide
national access to a broad range of curricular materials. NEEDS is an entirely new
educational delivery system which will provide widespread, rapid, electronic
access to an almost arbitrarily large number of diverse instructional modules.
Curricular material in NEEDS will be organized by both disciplinary and
interdisciplinary indices. Links across disciplines will be provided in the form of
"curricular paths" through the database. Eventually, NEEDS will be available
not only to this Coalition but to all engineering schools, both as a library/database
and a broad distribution channel for the results of their work in developing new
concepts, methods, curricula and tools.

Pipeline: Recruit and retain to Bachelor's degree more undergraduate students,
especially women and under-represented minorities through a program of
intervention, retention, enrichment.

Linkage: Establish strong relationships among institutions with the Coalitions
and with the wider engineering education community so that the above results
are quickly disseminated and adopted by other engineering schools.

CRITICAL PROBLEMS IN ENGINEERING EDUCATION TODAY

Our strategy for curricular reform is directed towards solving the nine critical
problem areas identified below. Compartmentalized curricula have contributed to
many of these critical problems, as they hinder the development of open-ended

3
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problem solving skills required to perform multi- and inter-disciplinary synthesis.
As shown in the schematic of the typical curriculum path in Fig. 1, the student's
progress through this compartmentalized curricula is disjointed and poorly
integrated.

1. Synthesis. Students are not exposed to enough synthesis and open-ended
problem solving experiences. We teach too much content and not enough
process.

2. Interdisctqinary Content: Curricula tends to be compartmentalized without
enough inter- and multi-disciplinary content. Students progress through our
curricula is disjointed and poorly integrated.

3. Delivery Styles: Delivery styles are outdated and do not effectively utilize
modern information technologies. Learning style differences and cultural/ethnic
diversity are not uniformly considered in the classroom.

4. Concurrent Engineering. There is little concurrent engineering and life cycle
design synthesis taught. Concurrent application of multiple disciplines through
the product realization cycle requires team design experience which is largely
absent in curricula today. The concepts of designing for manufacturability and
quality, meeting market needs, and time to market have been largely absent from
the education of engineers until very recently.

5. Industry. Not enough industrial practice and experience are embedded in the
curriculum. In particular, there is a need to communicate successful or "best"
design practices from industry in which the firms develop an environment and
commitment to continuous improvement throughout the product realization
cycle, which is supported by top management and concurrently integrates life
cycle aspects of a product, including design and manufacturing DI.

6. Laboratory /Hands -On. Insufficient hands-on and laboratory experiences are
offered to undergraduate students. In recent years, this situation has become
worse rather than better. In recent years, we have witnessed a deterioration in
our laboratory facilities at the undergraduate level.

7. Curriculum Turnover: Curriculum turnover is too slow and mechanisms for
bringing new research and technologies into the undergraduate classroom are
lacking. Even large research universities, which do a good job at adding the latest
technology into graduate courses, find it difficult to update their undergraduate
programs.

8. Social Context: :,ocietal factors are neglected in conventional curriculum. The

1 ) 3

4



87

engineer as a decision maker must be able to evaluate and communicate to social
implications of technology. Another con:ern is the lack of consideration of ethnic
and cultural diversity

9. Communication: Students lack adequate communications skills upon
graduation. This is perhaps one of the greatest complaints that we hear from
industries who hire our graduates.

The consequences of these problems in the engineering curriculum today are the
production of engineering graduates that are skilled at disciplinary analysis but lack
skills in synthesis, interdisciplinary problem solving, concurrent engineering, team-
work and communication. Not only are we producing engineering graduates that
are narrowly focussed and not prepared for the competitive pressures in industry
today, we are also systematically losing those very students who could provide
leadership in business and public policy. In addition, we are not exploiting the
diversity and strength of our nation's human resources. The engineering graduates
we produce do not reflect the ethnic diversity of the U.S. population. The appalling
lack of female representation in the engineering ranks transmits the perception to
our young women that the field of engineering is not open to them.

STRATEGY FOR CURRICULAR REFORM

Our strategy for curricular reform is based on dual but complementary
approaches: sy :ematic restructuring and modular experiments. Systematic
curriculum resaucturing is the long range goal of multidisciplinary curriculum
working group. of faculty who evaluate and build on the lessons learned from
corresponding modular experiments. Broad classes of these curricular and pipeline
experiments include: concurrent courseware, self-paced laboratories, synthesis case
studies, computer-aided prototyping, research on learning styles, learning centers,
computer integration, faculty training and international outreach projects. Many of
these projects have active participation from industry and our national laboratories.

Our vision of an integrated curriculum is one in which the separate curricular
"pieces" will be woven into the engineering tapestry to provide the breadth needed
for the engineers of the future, while maintaining a commitment to engineering
fundamentals (Fig. 2). In particular, it is our view that design and manufacturing
education should not be separated subjects but part of an integrated whole within a
broader societal context. Sensitivity to market issues, environmental concerns, and
quality design and manufacture of engineered products require a change in mind set
that can not be taught the second semester of the senior year in a traditional
capstone design course. One does not provide a catalyst for cultural change by
means of a single course. These concepts must be woven throughout the
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curriculum, starting at the freshman level and preparing students for cc, itinuing
lifelong learning process after graduation.

Although the Synthesis Coalition is working with industry and several of the
NSF Engineering Research Centers to bring good product realization practices into
the classroom through a large array of curricular materials, including multimedia
design case studies, manufacturing courseware and games, role playing exercises,
rapid prototyping software and integrated engineering enterprise concepts, it is dear
that the knowledge available is limited. More work is needed at the research level
to develop improved design and manufacturing methods.

THE NEED FOR DIVERSITY: WHO WE TEACH

I would like to end with a few comments concerning who we teach. The early
part of the nineteenth century gave us an engineering profession that was
predominately white and male. In the second half of this century, we witnessed an
increasing percentage of foreign-born engineers in our undergraduate and graduate
engineering programs, leaving the female half of our population and an increasing
percentage of ethnic minorities behind. I believe that the U.S. should exploit its
diversity and use it as an asset rather than a liability. If large portions of our
population are disenfranchised to this nation's technical leadership and
development, our race relations will only further suffer and we will not have met
the broader needs of our multicultural nation. The Synthesis Coalition has major
goals in increasing the number of women and ethnic minorities that enter our
undergraduate programs and continue into graduate schools. In addition to
improving the content of the curriculum, .ve have established a strategy for
evaluating our programs to take into account diversity in learning styles and
addressing those aspects that may adversely affect the retention of engineering
students [6].

The question of "who we are teaching" should be an integral part of any
program aimed at improving design and manufacturing education and should not
be placed as a secondary issue. How we teach and what we teach should only be
approached within the context of who we teach. Our ability to compete in the
international marketplace requires utilizing the broad range of talent in our
population. Any cultural change in industry and government concerning
improving the environment for quality engineered products must take the people
that make up the engineering enterprise and the changing diversity of its make-up
into account.

CONCLUDING REMARKS

In conclusion I believe that the NSF Undergraduate Engineering Program is a

6
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creative and promising solution to many of the problems that I have previously
outlined. It couples predominately undergraduate institutions with major research
universities. It has allowed the research universities an opportunity to work with
Historical Black Colleges in setting curricular strategies that are implementable to a
wide range of institutional settings and to tackle critical human resource issues.
Going beyond the goal of affecting small local changes at a particular institution, the
Coalition program has the potential for making broad ranging systematic changes
across our nation's system of higher education. Improving integrated design and
manufacturing education should be a primary goal of NSF sponsored programs in
engineering education, with support from industry, national laboratories and
government. It is of primary importance that these large scale efforts be supported
and evaluation procedures be established to verify that these goals are being met.
Engineering education can not develop in a vacuum, however. Continued support
for research in design and manufacturing methods and technology is of paramount
importance. Research and education should be viewed as complementary
intellectual activities.

On a personal level, I am an enthusiastic supporter of the NSF Coaltion
program. I entered into the proposal phase because I and my colleagues believed
that major structural changes were needed if the United States was to continue to be
a world leader in the production of engineered products. Each of us knew we could
not enact lasting change alone. The level of support from industry and our
educational institutions has greatly exceeded my expectations. At the University of
California at Berkeley I have witnessed a revolutionary change in the attitude of
faculty and administration concerning undergraduate education. I have reports of
the same trend in our sister Coalition schools. In addition to providing resources
for the programmatic changes that were specified in our strategic plan, I am
receiving a surprising level of support from the top levels of my administration,
including the Chancellor and the President. During this rough period of sharp
budge. cuts and belt tightening, university matches to Coalition programs have been
preserved and strengthened. A significant number of top research and teaching
faculty are engaging in Coalition activities. Educational issues are becoming a major
factor in the evaluations for promotion, as are affirmative action and outreach
programs to support K-12 education. Industry has matched the NSF dollars many
fold and they have become equal partners in our developmental efforts. I believe
that these changes would not have happened without the monetary and intellectual
support of the National Science Foundation and its advisory boards. The NSF funds
have truly provided unprecedented leverage from industry and within our own
universities.
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I. =AIRMAN, MEW Or TAX WECOMMITTAB:

I AM OM Di =TAR, AMOM or TSB INTERNATIONAL COWMEN?

MATIONS COMET= OF TAB SOCIITY Of IMUIACTURING SWGINMS. I AM

CUNENE& zmorgo BY DIGITAL MIME? CORPORATION AS ITS NAMUR or

NIMUNACTURING STRATSGIC PROGRAMS NITS 111B COWMEN?. I AMMAR TODAY

OA MALY or rat SOCISTY Of MANWACTURING MIMES ANICS XL PIZASED

TO COMET ON =X COST=ALLY INCRIASING WM soft EarttrACTURING

SWAP= AND ZDECATION.

TB= MCA EIS 73,200 KIKSINS Of =I SoCISTY or KANOWACTORINC

iNGINME =MATZ TSB HER ANIEWNSARY OF TIER PAMESSIONAL

ORGANISATION. 8I11= ITS FOUNDING IN 1932, =A SOCIZTY IRS POO:MD ITS

MOATS ON TEX PROPISSZONAL DINZLOPIENT OF ITS ANAMA. IT =COGNIZE;

=AT CONTINUING NOPROVECIDE IN TAX ABILITERS OF =OSA =MGM NI=

MAXIMO TAX PRODUCTS TEAT =ARICA NUM IS Ely TO =MATING TAB

NUL= REQUIEM TO DORM OUR STANDARD or LIVING. =ROO= ITS

IXECASIW PROGRAM or CART:MA=0N, COMMANCSS, COURSXS, CLINICS,

PUBLICATIONS, AND XS:POSITIONS THS 80OXSTY 1IXTZADS TO ITS KIM= AS

MILL AS On= IN =X NANUFACTVICNO PROFUSION, TSB LATHS? ADVANCES

IN MANUFACTURING TscuoLoorts AND PROCSISIS.

A PARTICULAR SODA= Of PRIDE IS THE SOCIITT'S NIKMACTURIE2

AMGEBBARING EDUCATION FOUNDATION. IN 1991, TXX FOUNDATION AMID=

GRANTS IN XXCES8 OT A1.6 KILLION TO UNIVARSITILS AND TSCANICAL

INSTITUTSS. TAUS romps APS USAD TO STRANGE= KANUTACTUMING

SNOTNANAING AND TiCANOLOGY PROGRAMS AT NOR= AMIGA SCAOOLS. TAB

siomarzomeca Of CONDUCTING TIES AWING ON TAXI PARTICULAR SUSOSCT AT
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THIS DART:COLAS TIME IS IMPORTANT TO TICS SOCIETY AND To TKoSZ WHO

MAKE MANUFACTURING /MR LIFE'S NOM

MORN MOVING INTO TIC SPECIFICS Or INGINIZAING CURRICULA, FACULTY

DIVILMINT, AND MUNCH AGENDAS, I JUL IT IMPORTANT TO SPEND SON/

TIME DISCUSSING Tai CONTEXT IN WHICH ALL Of THIS MIST TAU ?LAM IN

OANUARX Of THIS YEAR, THE 50CIZTY,0 MONTHLY MEMILABHIP MAGAZINE

" MANUFACTURING ENGINEERING" CARRIED AN IXTANSzvls SET Of FEATURE

ARTICLES DIALING WITH TAX CHALLENGES FACING U.S. MANUFACTURERS ON

INTO THZ NEXT CENTURY AND BEYOND. ENTITLED "TUTORS VIEW:

MANUFACTURING FACES THE NEXT MILLIS:UM" THE ARTICLES DEAL WITH GLOIAL

COMPETITION AND MANUFACTURING NANAGUENT, NOSKFONcE TRAINING AND

SKILLS, MANUFACTURING MONARCH AND DEVELOPMENT, TEX MANUFACTURING

ENTERPRISE, AND PRODUCTION TECHNOLOGY.

EACH or you RECEIVED A Copy or THAT PUBLICATION AS OVER 1000

ADDITIONAL MAILINGS KIRK MADE TO U.S. SENATORS AND REPRE8INTATIVES,

CABINET KANBIRN, HEADS or FEDERAL AGENCIES, STATE GOVERNORS AND

SELECTED CEOs or FORTUNE 500 COMPANIES. OUR PRESIDENT, DOUGLAS 100TH,

CONTINUES TO RECEIVE AN EXTENSIVE Also= or CORRESPONDENCE TR= THOSE

WHO HAVE READ THE ISSUE. I HAVE ATTACHED A REPRINT Or THE "FUTURE

VIEW" ARTICLES AS PART OF THis TESTIMONY.

WHILE "FUTURE VIEW" is AN IMPRESSIVE JOURNALISTIC ENDEAVOR WITH A

STRONG NusAas, IT DRAWS FROM THOSE WHO RAVE DONS SIONIficANT WORK ON

THE VISION Or NEAT mAxurAcTORING WILL SA LIKE IN THE FUTURE. Or

PARTICULAR IMPORTANCE IS VIZ WORK DONS AT TIM IACOCCA INSTITUTE WHICH
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LID TO TIN PVALISHING Or "21ST CZSTUR.2 MANUTACTURING ENTXRPRISX

STRATZGY."

WHAT IS IMPORTANT IS TUT ZN ORD= TO MACS PIOGRISS NI NXID TO MOW

MITCH WAY TO GO. ALL Or US, INDUSTRY, SDUCATION, GOVXAMMINT, AND TXX

PASSARCH COMMUNITY; NN ALL NIXD TO GO IN TIM SAKS DIRiCTION.

TIN WORE DONS IN "IUTURS VIlS" AND "21ST CANTU= NANUTACTVRING

ANTRAPRISI STRATSGY" CONTINUALLY CALLS 701 A NATIONAL MANUFACTURING

VISION. THSY IDINTITY TXX NSW 'FORAM INTRASTRUCTURX WITRIN WHICH TO

STRIVZ YOR TXX VISION. TINY CALL TOR SPSCITIC ACTIVITIXS INKS, NESN

ACCOMPLISM, WILL SPILL SUCCISS roa TIN rUTORX OF MANUFACTURING IN

OUR COUNTRY.

WE IN THR SOCIITY 07 NANUTACTUR/NG =GIMPS ?ILL THAT WRATXVIIR

INDIVIDUAL MOATS ARS UNDIRTAXXS TO =PROW TIN BUTZ Or U.S.

MANUFACTURING, TWIT MUST 3Z ACCOMPLISMXD AS PART 07 AN AGRI= UPON

PLAN OF INDUSTRY, ACADINIA, GOVIRNMENT, AND WIZ MIAS= (mum= TO

ACHIEVA A NATIONAL MANUrACTUAING VISION. TWAT VISION SAS YIT TO NZ

!BAWD.

Tilt SOCISTY Or MANMACTURING V202INXISAS CONCURS WITH TXS AUTHORS Or

TIN NATIONAL RXIMIARCR COUNCIL =PORT, "IMPROVING INGINEXRING

DISION"(NATIONAL ACADINY FRISS; 1991), 21AT IrriCTIVi =SIGN IS

A PRXXiQUISITIS FOR arrscrrvz MANUFACTURING; QUALITY CANNOT Si

MANUFACTUARD OR TUMID INTO A PRODUCT, IT MUST Si DISIGNID IN."

ROMXViR, TIN SOCIITY ?ILLS QUITS STRONGLY TIA2 OHMS ?Si SWIMMING

1 G
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DESIGN PROCESS TULLY /NTEGRANIS THZ !UNCTIONS Or PRODUCT CONCEPTION,

DiVOLOPNENT, KANUFACTCRING, USE, !MCAT, AND ULTIMTLY ITS

END -Or -LIFE DISPOSITION, QUALITY WILL NOT Si DESIGNED IN. IN FACT, IT

IS ONCOMING MORZ READILY RSCOGNISED AND ACCEPTED THROUGHOUT INDUSTRY

AND TOO MANUFACTURING PROFESSION THAT TEZ TORN "MANUFACTURING* II

TAXING ON A MORZ ALL-ENCOMPASSING NATOOZ. IT INCLUDIS IN ITS

DEFINITION THZ INTZGRATED ACTIVITIES OF TES PRODUCT LIFE CYCLE, PROM

CONCEPTION THAOUGN END-or-lars AND DISPOSITION.

ANOTHER TREND NOTCH IS TAXING PLACE IN OUR COUNTRY IS THE MIGRATION

OF MANUFACTURING ACTIVITY 1101 LARGE, VERTICALLY INTOGRATOD

CORPORATIONS TO TEl SMALL AND MIDI= STUD MANUFACTURING COI/ANTIS.

INTZGRATZD INGINESRING DESIGN RIASSURCX AND !VOCATION ACTIVITIES INSZD

TO Si STRUCTURED AND CONDUCTED SUCH TEAT TEEIR SONEPITS CAN Si EASILY

TRANSFZARED AND USED SY THIS INDUSTRIAL BASE. MAXIMUM USE Or THE NIGH

PERFORKANCS COMPUTSR. AND CCMODNICATIONS INITIATIVE AS SUPPLZMINTED SY

TES "TACTORX AMMO. NICTWORR* CALL= FOR IN TUE "21ST CENTURY

MANUFACTURING ENTERPRISE STRATEGY" WILL ACCOMPLISO THAT MAD. Till

INTERACTIVE CAPAOILTTY Or THAT INTEGRATED INFORMATION NZTWORX WILL MME

MLA TO BRING TN' WORLD OF THE SMALL SUSTSSSS NANUPACTURER INTO TEE

REALM OF THZ =SIGN RZSZARCHER AND VICE VERSA.

THE SOCIETY CONCURS MITA TEE =NOM OF "IMPROVING SAMMESZRINO

=SIGN", THAT ONGINZERING DESIGN EDUCATION MODS TO Si STRONGTEZNID.

WI 5111. THAT EXPERIENCE WITH TEE PRODUCT LIMB CYCLE IS AN VOORTNIT

PART Or THAT SIRINGTSZNING. ACCORDINGLY, WE PaCONNIND THAT PRACTICAL

OXPORIENCZ IN TES PRODUCT REALIZATION PROCESS !OR A PICRIOD Of AT

17
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LEAST TWO YEARS AP= MAIMING THE BACCALLUREATS, BE A =MOIST=

FOR GRADUATE DEGREES IN iNG7NIZRING DESIGN. ALSO, THE ROTATION or

GRADUATE DESIGN INGINEM THROUGH INDUSTRY, RESEARCH, AND ACADEME AS

A PLAN= COMM{ OF PROFESSIONAL DEVELOPMENT, WILL PROVIDE THE FIELD

WITH ENERGETIC, STATE -07=-ART TALMT.

THE CANATION OF A "NATIONAL CONSORTIUM TOR ENGINEERING DESIGN" NEEDS

TO Si APPROACHED WITH CALTION. TAX MUD TO ESTABLISH SEPARATE

ORGANIZATIONS TO DIAL WITH SPECITIC /MOSLEMS MAY REPRESENT A KIND OF

SOLUTION THAT IS =OWING A PART Or OUR PAST. THE SOCIETY FEELS THAT

rims IS strrIcina TALENT IN rivarsessows. SOCIETIES, GOVIRNMENT

AGGINCISS, :NDUSTRIAL assocurioms, AND EDUCATIONAL INSTITUTIONS TO

DEAL auccusruma WITH THIS PROBLEM. NEAT NEEDS TO HAPPEN IS A COKING

TOGETHER or THIS TALENT IN ORDER TO FOCUS ON DIVINING SOLUTIONS AND

IMPLEMINTING RESULTING ACTIVITIES LEADING TO SUCCESS. TEX CURRENT

STATE-07-THX-ART IN INTEGRATED SYSTEMS TACHNOLOGISS AND THEIR

APPLICATIONS KAU TEE ESTABLISHMENT OF VIRTUAL =MS TO DEAL WITH

THESE KINDS OP ISSUES A REALITY. THE SOCIETY Jr MANUFACTURING

ENGINEERS IS READY TO WORK WITH OUR SISTER PMOVESSIONAL SOCIETIES AND

THE DESIGNATED STEWARD OF PUBLIC MIMS TO PULL SUCH A TEAM TOGITUR.

OUR COMMENTS ON THE NATIONAL AMA= COUNCIL REPORT, "TEE

COPUTITIVI EDGE: RESEARCH PRIORITIES FOR MANUPACTURING"(NATIONAL

ACADEMY PRESS: 1091), WILL Si LIMITED TO TS SUBJECT OF CHAPTER SIX:

MANUFACTURING SKILLS MMPROViMiNT. THE REASON TOR DOING SO IS TO

SONHASIli THE SOCIETY'S FOCUS ON WHAT IS THE ULTIMATE DETERMINANT AS

TO TEE SUCCESS OR FAILURE 07 U.S. MAMMACTURINGIT'S PEOPLE.

I
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TEE SUEJECT NATTER 01 THE PREVIOUS CHAPTERS, AS WELL AS LINE ARTERIAL

IN OTHER PUNLICATION3 DEALING WITH TXX NECESSITY TO REINVIGORATE THE

U.S. INDUSTRIAL EASE, DEPENDS ENTIRELY OK TM MILIT7 Of THE WORE

rcpt.= TO IMPLEMENT STATED RECOMMDATIOWS FOR IMMOVAMENT. ADVANCED

WANUFACTURING TECHNOLOGIES AND PROCESSES NAVE SEEN PROPOSED AND

DISCUSSED. BUT, ROW QUAL/TIED WILL THE MOM roma' EX WHO HAS TO

DEVELOP THAN AND IMPLIDALVT TNEN7 WHERE WILL TEE PEOPLE COM rsom WHO

NAVE TO =ACE, WHO RAVE TO DO THE RESEARCH, WHO SAVE TO WORN WITS TEE

ADVANCZD MANUFACTURING TECENOLOGIES AND PROCESSES Or TAX ruruss7

WITH A CAVEAT DEALING WITH THE CREATION Or NEW ORGANISATIONS, MICE

WAS PREVIOUSLY =PRESSED IN THIS TESTIMONY, TUE SOCIETY ENDORSES

CHAPTER SIX AS REFLECTIVA or no rosin= os WANUMCTURING SKILLS

IMPROVEMENT. ALSO, AS PREVIOUSLY STATED, TEX SOCIETY STAMDS READY TO

WOAX coLIA,...44.Troms TO ACHIEVE IMPROVENENT IN THE AMA IDENTITIED.

THE STRATEGIC MANUFACTURING INITIATIVE ANNOUNCED EY TIX NATIONAL

SCIENCE rOUNDATION AND TAX orms or TEX SECRETARY 01 muss IS AN

NUM= Of THE ICIAN OF ACTIVITY TIM COULD Si A PART Or ACHIEVING TEE

NATIONAL MANUTACTURING VISION, WERE THAT VISION DEITNED. TEE AMEN=

or TEE TALENTS Or THZ MARVA= or commocr, Tit DMARTNINT Or

ENERGY, AND TM NATIONAL AERONAUTICS AND MACE ADAINISTRAT/ON AA A.

PART,OF TEE GOVERMENT TEAK IS QUESTIONXD. WE NOTE THE ROLE Or

"AMISTANCS AND ADVICE OF TEE RESEARCE CONMONITY... AND TEE STUNG

INCOVIAGMENT TO INTERACT WITS INDUSTRY. NOM IS NEEDED. TEE SOCIETY

EiLIEVES THAT TAII INITIATIVE 23 DU/LT vox TIM PARTICIPATION OT CROSS

1:L9
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rUNOT/ONAL TEAMS lmvouvrmo, Ix AN INTEGRATED rASKION, APPROPRIATE

TALENTS FROM cowman, INDUSTRY, ACADEMIA, AND THE RESEARCH

COMMUNITY. ONCE AGAIN, WE orrim TO HELP.

A FINAL NOTE. THE SOCIETY or NM/FACTORING ENGINEERS HAS RECOGNISED

FOR SONE TIME TEE VALUE or THE NATION'S COMMUNITY COLLii4R SYSTEM TO

DELIVER SERVICES AT THE GRhSS ROOTS LEVEL Or SOCIETYACHIEVING

INTIMATE CONTACT WITH A DISPERSED, RATHER ELUSIVE SET or cia-arm. THE

MAJOR OBJECTIVE Or COMMUNITY COLLEGES 1$ TO EDUCATE AND/OR TRAIN

PEOPLE WITH ZMPSASIS ON LOCAL JOB OPPORTUNITIES AND CONTINUING

EDUCATION. A COMMITTNINT TO COMMUNITY SERVICE IS CENTRAL TO TEA VALUE

SYSTEMS or THE COMMUNITY couuma. TEE USE Or COMMUNITY COLLEGES AS

DELIVERY AGENTS FOR THE PRODUCTS Or MANUFACTURING EDUCATION AND

RESEARCH SHOULD BE AN INTEGRAL PART or ANY MANUFACTURING RESEARCH AND

EDUCATION PROGRAM.

MR CHAIRMAN, THE SOCIETY OF MANUFACTURING ENGINEERS APPRECIATES THE

INTEREST Or YOUR SUBCOMMITTEE IN NEAT WE NAVE SAID TODAY. WE STAND

READY TO PROVIDE ANY ADDITIONAL INPUT AND ASSISTANCE YOU DEEM

APPROPRIATE. WE ARE FULLY COMMITTED TO DOING ALL TEAT WE CAN TO

RESTORE VITALITY TO ANSRICA'S MANUFACTURING SECTOR. ro* AS IT IS SAID

IN PROVERBS, 29:1$ AND IN THS FINAL ARTICLE or "FUTURE VIEW": "MIRE

THERE IS NO VISION, THE PEOPLE PERISH...." I WILL NOW TRY TO ANSWER

ANY QUESTIONS YOU MAX HAVE.

4.
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FUTURE VIEW
MANUFACTURING MANAGEMENT IN CRISIS

"M

The war in the Persian Gull a
year ago was a dramatic
example of why technology
is critical to America's
future. But Americans may

have drawn the wrong conclusions
from it. "It was not a demonstration
of US technological preeminence."
says George M. C Fisher, chairman
of the Washington. DC -based Council
on Competitiveness. "Much of the
electronics in US weapons was sev-
eral generations behind the most
advanced commercial technologies.
and ii many of these technologies the
US is no longer the leader."

Daniel Burstein, business consult-
ant and author of Yaw! and Emmaus ke
(Simon & Schuster. New York)
agrees "Americans became over-
confident about the country's military
success and what they saw as its
overall global leadership. In Amen-
c...n eyes. Japan and Germany failed
.he test Short term, the our caused
a decline in US interest in Europe It
made Europe seem less important.

Yet today's popular American notion
that Europe is a nice place, a big but
somewhat backward market, will be
seriously challenged over the next
decade. along the lines of the current
challenge from Japan.

And Japan? "If you look 10 years
out to 2002. Japan-which will still
have only 50% of our population and
even a art . ler percentage of our total
workforc: - will equal or surpass the
US in terms of total manufacturing
output. At best ((or us), they'll
outproduce us 2:1 on a per-capita
basis. That's frightening."

What n going wrong? Our problem
is our SUCCCW, answers Bunten. "The
system worked so well for so long
few people want to tamper with it.
We are at a crossroads, however.
Other cultures are demonstrating
that in some ways their systems are
superior. We're still in the denial

U
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stage. We have a vested interest in
believing we have the greatest sys-
tem the world has ever seen.-

ilive wen
According to John Young, presi-

dent and CEO. Hewlett-Packard Co.
(Palo Alto. CA), we comfort our-
selves with five myths about Amer-
ica's technical leadership. "The first.
which I all 'the sunrise industries
myth. goes like this: 'Sure. our tra-
ditional manufacturing industries are
under siege, but we still lead in the
new, high-growth. high-tech seg-
ments.' The high-tech trade bal-
ance may have looked good in the
early '801, but that ended in 1986,
when the US witnessed its first-ever
trade deficit in the high-technology
segments. Young explains. With
technological innovation, the financial
rewards are cumulative. If you lose
one round. it's very hard to get back
in the fight.

The second myth is about "the
leading edge." It says even if the US

BEST COPY MIME
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has trade prob-
lems in technology
sectors. they're
only at the low
end, in consumer
electronics. Were

ahead in leading-edge technology.
Again. facts refute the myth. In

terms of dollars. its true our biggest
trade problem in electronics involves
TVs, audio equipment, and VCRs;
however, America is also falling
behind in several critical generic
technologies, including integrated
circuit fabrication, optical information
storage, and robotics. And consumer
electronics is not alt "low-tech."
"Many HP engineers." says Young,
"feel the degree of sophistication in
the design and packaging of today's
home video camcorders is the most
advanced of any product family
they've seen."

Myth three the "copy-cat"
says that though other countries have
caught the US. they've done so by
aping us. The Japanese, especially.
are incapable of innovating on their
own. This was true in the early years
following World War U. "But today."
says Young, "US patents tell a dif-
ferent story. In 1988, the most
recent year for which we have data,
48% of the patents granted in the US
went to foreign inventors. and many
were for significant technologies."

The "Nobel Prize" myth says that
the US leads the world in Nobel lau-
reates. our research universities are
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the best. so we have the strongest
technology infrastructure. "This is
misleading is two ways." Young
points out. "First. we must ask
whether the breakthroughs that win
Nobel Prizes actually help win a fight.
We focus on the pursuit of basic
knowledge but give tittle thought to
its apphcation. Second. our technol-
ogy infrastructure is showing signs of
strain. We've been living off the fat of
the land. doing little to ensure future
generations of technology and trained
Peefile."

In real terms, federal funding for
university research facilities declined
95% over the past 20 years. The
White House Science Council reports
it will take a $10 billion investment to
bring the facilities up to adequate
condition, and no one is rushing to
spend the money.

As to trained people, Young sees
more bleak numbers. For many rea-
sons, more than half the engineering
doctoral degrees in this country are
granted to foreign students. "We're
also facing a shortage of university
professors," he says. "We've got a
situation in the human resources area
that's similar to what we have in the
fiscal area. We're living on borrowed
money, talent, and even time."

The "Sputnik" myth refers to the
Jolt Americans felt when the Russians
beat us into outer space. "It galva-
nized us into action." recalls Young.
"So we invested and succeeded in
being the first to land a man oa the

%al

Ir

ire ft mower arensis some asiptulid 6.41.1 it 9811101rs M
SMN haimlas nuareasabllum ham limmualk MMus

as

moon.- According to the myth. all the
US needs to shore up its technology
base is another, similar event. "The
Japanese haven't obliged as by
launching a Toyota into space. how-
ever," notes Young. The real cure
might involve a series of small. rather
undramatic changes. not another
megaprotect like putting a man on the
moon.

Burstein points out a particular
shortcoming in America's view of for-
eign competitiveness that he calls
"the Lexus factor." Shortly before
the Lexus debuted. most US auto-
motive experts had a low opinion
about Japan's ability to compete at
the high end of the automobile mar-
ket. A few months ago, the Lexus
surpassed Mercedes in unit sales in
the US. A similar skepticism was
evident for many years about the
European Airbus consortium, which
is now seriously beginning to chal-
lenge Boeing. "Why do we keep
doubting?" Burstein asks. "I'd oay
it's doubtful they won't succeed."

The Lens factor mentality may be
changing, however. The US public is
becoming seriously concerned about
the country's economic future. "By
virtually every benchmark." says
Fisher. "Americans are increasingly
worried about what is unfolding
More than 77% think Japan is ahead
of the US in terms of its ability to
compete economically. and 73,1
believe the worst is yet to come ."

In response to a call from Con-
gress that the Defense Department
develop a strategic plan for spending
manufacturing technology dollars.
the DoD came to industry and asked
it to describe the competitive manu-
facturing enterprise of the 21st cen-
tury. The DoD also wanted a plan of
action to make that competitive
model a reality. Fifteen senior exec-
utives brought together by principal
iavesugators Dr. Roger N. Nagel.
Harvey E. Wagner Professor of Man.
ofsctunng Systems Engineering and
operations director of the Iacocca
Institute at Lehigh University
(Bethlehem, PA). and Rick Dove,
chairman. Paradigm Shift Interna-
tional (Oakland), held a series of
meetings last summer to identify the
characteristics of what they came to
as "agile manufacturers." Nagel and
Dove are taking the group's findings
to:Wintry leaders to build a corsen-
so* before what they hope will be a
series of Congressional hearings on
US industnal competitiveness.

According to Dove. there are
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tress several rresios- competitive
chadienger facing bis comps*,
over the coming decade. They
include Earopean subsidies, mul-
tiple certification requirements.
the burden of health are costs,
and the economic impact of envi-
ronmental regulation.

Sohisdies for Mena_ Boeing,
befog the country's leading ex-
porter, is intensely concerned
about maintaining open markets.
good international trade rules. a
strong GATT (General Agree-
ment on Trade and Tariffs) sys-
tem, and what Hougardy calls "a
level playing field on government
support."

Certification requirements.
Imposition of airplane certification
requirements by multiple coun-
tnes affects the competitiveness
of the entire aviation industry, he
says. Certification by the Federal
Aviation Adminstration (FAA)
used to be accepted by other coun-
tries, but no longer. -To be sold in
Europe. Boeing airplanes must be
certified twice: in the US and again
by the European Joint Airworthi-
ness Authorities. In addition. the
European country of registry adds
national variants to certification.
Our competitors are also subject

105

Aga% soda meal et Its TIT haslet at aseiges Traumas Wise Tam$
whom asseememis tollasiemie Is ender Wady.

to these multiple certification
requirements."

Hougardy claims there is no
evidence that multiple certifica-
tions improve safety. "They only
increase the cost of aviation prod-
ucts and services, making our
entire industry less competitive,"
he says. 'The industry must vig-
orously press toward a process of
multilateral agreements or some
other method that will result in
only one certification process."

Health care. While industry
should provide health care for
employees And their families,
Hougardy argues that rapidly ris-
ing costs are having a direct bear-
ing on US manufacturers ability to
compete globally. Between 1987
and 1990. Boeing's costs for med-
ical are for employees and their

families increased 55%. In 1991.
they rose another 21%. The prob-
lem can't be ignored, he says.

Envtroxoccirral regulations.
Environmental regulations have
become extremely costly. "Hoeing is
investing heavily to solve prob-
lems such as chemical reduction
and waste minimization." says
Hougardy. "We have accepted the
Environmental Protection Agency
challenge to reduce emissions
50% by 1995. Soon we will see
more efficient paint guns, water-
based processes, and less toxic
solvents in use throughout our fac-
tories. And we're providing exten-
sive employee training on all envi-
ronmental issues." But in two
years, costs for record keeping,
training, and reporting have risen
more than 115%.

three major descriptors of the suc-
cessful manufacturing enterprise in
the nextcentury: continuous change,
rapid response, and evolving quality
standards.

Cesdamouis Change
Technology is advancing so rapidly

that the environment will be one of
dramatic, continuous change. That
means. says Dove. "the products you
build today will compete with prod-
ucts a competitor will build two
weeks from now -and they'll be
made using technologies you didn't
have. The processes installed in your
factory six months ago must compete
with those in factories equipped with

technologies not available to you."
"There will be no fixed-plan oper-

ation," adds Nagel. "because prod-
ucts will change daily. We'll be forced
into dynamic process planning. figur-
ing out how to make things in the
context of what else we're making
and our configuration capability."

According to Dr. D. Bruce
Merr,field. Walter Bladstrom Profes-
sor of Management, Wharton School
of Business. University of Pennsyl-
vania tPhiladelphia). "Management
of manufacturing will become the
management of change. Survival will
require major corporate restructur-
ing to manage a combination of con-
tinuous incremental improvements
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and simultaneous development of
next-generation technology designed
to obsolete and leapfrog current sys-
tems before the competition does."
he says. The hierarchical form of
organization cannot manage such an
environment.

Any company not involved in a
process of continuous corporate
renewal probably has made an unin-
tentional decision not to be in bust.
ness a few years from now. Contin-
uous renewal involves the following
five elements:

A vision of where you most be in
five years to survive

Theoretical options for getting
there

33



A strategic
plan comparing
existing sktlls, re-
sources, and capa-
bilities against
those required

A business plan allocating
resources needed and developing
strategic alliances to GB the gaps

A vigorous in-house program of
workforce reskilling.

Rep id R1008160
Operations in a contmuous-change

environment climax with very short
windows. Opportunities don't last
long. "You must find how to get
involved in that activity, master the
technology, have the right production
fat-tittles available. and then get out of
the business at the right time and
move to something else." says Dove.

Rapid response will force much
more Interaction, cooperation, joint
ventures, and teaming. There simply
won't be time to grow all these capa-
bilities in-house. however. Virtual
corporationsmade up of what you
need from a number of disparate
places, inside or outside the com-
pany, each contributing something
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unique but needing something just as
unique from the others will soon
evolve. "In fact," notes Nagel.
"because of the needs to put the right
skill sets together. Wall Street will
scrutinize how good a partner you are
and what skill base you have when it
ass- -x..1 the competitive health and
future of your company.

"Of course. because agile manu-
facturing depends on sharing, team-
ing, and cooperation, it will highly
emphasize trust. The idea of sharing
information and behrving properly
with respect to proprietary informa-
tion will be a major ethical issue by
the end of the decade."

Ed Miller, president of the Na-
tional Center for Manufacturing Sci-
ences (Ann Arbor. MI). sees a strong
move among independent organiza-
tions to form collaborations. Some
208 consortia are registered with the
Attorney General, often for simple
projects between just two compa-
nies. Many occur on an ad hoc basis.
however, and he encourages compa-
nies to seek partners outside of their
normal sphere. He cites an example
of companies in different industries
electronics and health carethat

found they were doing parallel work
in stereolithography. The electronics
firm felt it had created an excellent
system in the 18 months it had
allowed itself. only to discover that
the other firm had built a more
advanced system within six months.

"Such partnerships will function in
the early. precompeutive stages or
technology development. allowing
vigorous competition in the later
stages of product development."
Fisher adds.

Just as we share people. we will
share processes. facilities. and the
means to operate them. "Shared flex-
ible computer-integrated facilities
will be cloned around the world tor
remote satellite programming to
make what you want. when you want
it. and wherever it's needed for just-
in-time delivery." says Merrifield.
The modular facilities will provide
rapid CAD/CAM protutyping. per-
mining immediate entry into a mar-
ket for one. 10. or 1000-of-a-kind
products at essentially the same cost.
but with the precision and reproduc-
ibility required for global compeo-
nom They will be continually repro-
grammable to make new or modified

a

Wasino turning cells prove that automation
can he straightforward, after all. Pre-engineered,
held-tested and fully assembled, these cells
are ready to run. The nightmare of debugging
automated "systems" on your own shop floor, for
weeks or months, is over. Workhandling is so
min* and tightly integrated that the CNC

I

controls every single machininb automation
function. The gantry-type loaders ..re on-board.
Gantry loader commands are standard "M" code,
Changing parts usually is as simple as switching
grippers and loading a new program.

Unlike systems with separate machining and
workharidling controllers, Wasino cells are built to
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products. Basically. these facilities
will fulfill a service function. raising
developing nations to manufac-
turing's leading edge while providing
profitable opportunities for those
who can generate the advanced sys-
tems that can be programmed into
them.

About eight shared flexible com-
puter-integrated facilities are now
operating in the US. with another
dozen due to open shortly. The
Industrial Credit and Investment
Bank of India plans to clone one soon.

Rapid response requires much-
improved communication in the area
of fundamental research. too. In
November. a group of 60 academi-
cians. government representatives.
and industry leaders net to discuss
enhancing the speed and effective-
ness of transferring fundamental
knowledge among their institutions
"Can we continue government sup-
port ot academia when the output Is
students who never go into a factory
and papers that the Japanese read so
they can make new products'" asks
Dr. Iva M. Wilson. president. Philips
Display Components Co. (Ann Arbor).

-Some in the universities say the
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Eight Agile Answers
How can a manufacturer measure
its agility? Answer these ques-
tions, say Nagel and Dove:

How qwckly can you respond
when you get an order for a cus-
tomized product?

How long does it take to build
a new variety of something that's
in your product line?

How long did it take to nego-
tiate parameters for real strategic
relationships compared to how
long it took to actually begin a

strategic relationship? If the num-
ber is greater than one, some-
thing's wrong.

How many joint ventures has
your company formed this year

How many products do you
introduce per year?

What percentage of your new
products are customized?

What percentage are re-
configured?

What percentage of your cus-
tomers are repeat customers'

problem is with US industry it
doesn't want to accept the knowl-
edge." responds Dr. Yoram Koren.
chairman ot the Department of
Mechanical Engineering and Applied
Mechanics. University of Michigan.
and chair of the NSF-sponsored work-
shop. "Others say its academiait
doesn't know how to deliver. And
how should government agencies
that fund research decide if research
is good? Is a four-page equation a
good one? Academia, industry. and
government must communicate and

collaborate to maximize the impact
basic research and education on man-
ufacturing competitiveness."

Evolving Qualny
Over the next 10 years. the def-

inition of quality will merge with the
definition of customer satisfaction.
"Eventually." says Dove. "we won
count defects because there won toe
any. Today's standard ot qualit, is
detect-free.' This will be oniv :he
entry level for the next quality min-
tier. which will be the enjoyable emo

our plant, not in yours.
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be run by operators, not by programmers or engi-
neers. They've proven themselves in over 1.600
installations around the country and around the
world. And with single- wiurce engineering, you

gct single-source responsibility.
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We'd like to send you a videotape that demon-
strates how straightforward it is. Just write to us on
your letterhead today to get your copy, along with
our brochure. Or give us a call at (201)696-7070
to arrange for a live demonstration.
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urinal experience
of interacting with
the product."

Ed Kfoury. vice
president. IBM
(Armonk, :41').

and president of its Industrial Sector
Division. puts it another way: Our
focus is on more than the product.
Quality encompasses every aspect of
customer satisfaction. It means doing
a better job of understanding our
customers and rededicating our-
selves to eliminating defects in
everything we do."

"There's a difference between
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quality and value." adds Leroy D
"Pete- Peterson. worldwide director
of Andersen Consulting's Products
Industry practice tChic.agol "Most
of this country's manufacturers are
working to Improve the quality of
production. when they should focus
on valuethe customer's perception
of how good a product is for the price.

"In the past, American consumers
were all too willing to buy low-cost
products of limited value. Low-cost
mass production of reasonably dura-
ble goods will continue to be vitally
important to some households.-
Nevertheless. US manufacturers

must realize consumers are start=
to appreciate value. Practicing sta-
tistical control is no longer accept-
able Processes now must mate qual-
ity products the first time without
inspection, rework. or scrap.

Dr. H. Thomas Johnson. Rem=
Professor or Quality Nlanagement.
Portland State University Portland.
OR). takes quality a step turther .

"Competition an the near future
means adapting quickly to and even
instigating change in customer
expectations. That means empower-
ing everyone in the company to listen
to the voices of the customer ma the

,,Irrntirgang.mirmennmvssigrf-x-
Ifftritillsettipaisaltitatetkas

maimitiffipolimmimanoGnomemati-
:agpelmalmissitmanaKsiimai Mass
WhilintimmamadimegsmafiDeeigni
Ted1111AUllnaGnama.01Xiaceemag
reemaseiaimt CALI/CAN mai
CAllEtlimpaamthofinkiminp

ea Emoinalt ismodamaxim
campalma here a conmelllom Maim
that fa widely ondoestomt and
befiesed.Adesevisionholperecrait.
motivate. mid loop top cochineal pear
pie satisfied.

'Animate. Top mundamarers
have a an-do. will-do watt ethic
limed at continuous innovation and
improvement. They set. and ohm
surmise. impaitaible stretch goals
(see this month's 'Quality Advisor
by HP CEO John Young).

Standards. They lame high per-
k:cm= expectaticas and devote spe-
cial attentiM to memurimperfunnanoe.
They are careful to select appropriate =NUM.

rearnsoris. Leading manufacturing companies
build strong functional teams and encourage cross-
functional teaming. They indoctrinate new employees
in the company's culture. They hire top people and
place a high value on communication skills.

Reconfiguraility. Job and team assignments
change to meet changing custom:, needs. Effective
SWAT teams handle short-ter, problems. Product
teams form and reform to ...mg out new products.
Divisions form and close in response to market needs.

Efficiency. Effectivouss. Great manufacturers
balance local efficiency with overall company through-
put and effectiveness. The key is knowing how to get
results that show up in the product.

Shared Infonsetton. Leading manufacturers com-
municate well, both internally and externally Their
people are articulate, their organizations are flatter,
and they run effective meetings. Buildings and facili-
ties are well-designed, and communication tools like
E-mail. fax, and meeting rooms are widely available.

Ongoing Remelt. World-class manufacturers con-

I

timmUY mess= Progress against well-chosen mile-
stones. benchmarks, wad commitments. They know
enough to make realistic promises, and they hate
missing deadlines.

Urgency. They have a sense of urgency but not
at the expense of getting the product right.

Resewrcefirlimsa. In world-class manufacturing
companies. people know what to do and where they're
goingand they figure out the best. fastest, cheapest
way to get there, even if it means adapting technol-
ogies from outside the orpnintion.

Centers of EueUrnee. Leading manufacturers
understand no one can be best at everything. They
create one or more centers of preeminence and rely on
world-class suppliers for other technologies.

Early Warning Systems. The best manufacturing
companies have sophisticated early warning systems
in such areas as charming customer needs social
environment. demographics. regulatory environment.
evolutionary product and process technology, replace-
ment technoioMes. competitors. suppliers. and distn-
button channels.
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process. No more
passing instruc-
tions down from
the top to docile
workers who will
manipulate pro-

cesses to achieve accounting targets.
No more treating the customer like a
sponge who will soak up companies
output to 'cover their costs.'

How do you learn to focus on the
customer? Start by focusing on your
internal customer. recommends Wil-
son. "He's the guy down the line that
you influence when you do your job.
You can't implement customer orien-
tation with your outside customers
without practice."

The Humes Touch
Achieving agile manufacturing

requires changing how we manage
people. The process of business is
mostly people," says Wilson. "If you
want to be successful. you must inte-
grate the people with the machines.

109

processes, and products."
Human resources is an area where

a competitive disadvantage is good.
says HP's Young. We don't want
lower wages. because we don't want
to compete on the basis of cheap
labor. After all, the goal of competing
is to raise our standard of living. That
means Americans must be so produc-
tive and innovative they will earn
more than their counterparts abroad
without high unit labor costs."

In some ways we can learn from
the Japanese in dealing with people,
says Dr. Alan S. Blinder. Gordon S.
Rentschler Memorial Professor of
Economics. Princeton University
(Princeton, NJ). "We could success-
fully import things like high trammg,
high job security, workplace flexibil-
ity, relatively egalitarian workplaces.
float& worldorces that aren't ham-
strung by restrictive work rules, high
employee involvement, and well-
organized consultation procedures
between labor and management."

According to Blinder. in a well-
functioning Japanese enterprise.
there's only a small distinction
between some aspects of the person-
nel department and the labor union.
Union leaders may well be manage-
ment personnel on loan. "That
sounds like a union that a lackey to
management." he says. and to some
extent that may be true. but in Japan
most managerial personnel began
their careers as union members
Labor-management relations do not
foster or promote the us-versus-then:
attitude so darn., ring in English-
speaking countries. The whole sys-
tem is geared to making it us.

"Of course." Blinder continues.
"many US companies have excellent
labor-management relations, and
have for years. One could argue that
a lot of these Japanese ideas came
from us. What we must do is make
this the majority of US companies.
not the minority."

In 1990. the Indiana Labor and

I Challenges Facing Manufacturing
MANUFACTURING ENGINEERING asked a select
group fr SME's College of Fellows and recipients of
SME's Young Manufacturing Engineer Award to spec-
ulate on the issues facing manufacturing during the
next decade. Here are excerpts from the comments of
these industry leaders:

fi VOW dolmen hos usonuiLicturhug
munoestuout durhhi 1lta hoot 10 yews?

Donald G. Zook, assistant professor, manufac-
turing engineering. California State Polytechnic Uni-
versity. Pomona (past SME President. '86-87):

These are the critical issues for management:
Restoration of loyally in the aisenagenient sear*force.

Workforce reductions and elimination of middle man-
agement can only result in loss of loyalty. Fewer
professionals will want a lifelong association with one
employer. As companies recognize the damage done
by short-term approaches. the correction effort will be
formidable.

Education is linking cellular systems. Evolution
from job-shop or line-flow arrangements to cells will be
partially successful because of immediate payback in
reduced inventory and material-handling costs. The
really tough job will be educating the large number of
people needed to link multiple cells. exchange infor-
mation and materials, and achieve full integration.

Pacing the ageheatune of new technologies. With the
accelerating development of new materials and pro-
cesses. a major challenge will be selecting the appro-
priate tools and pacing their application to the
workforce's ability to manage and use them.

Charles .1. Klein. engineering group manager,

vehicle assembly. General Motors (Warren. Ml):
The competitive factors of the '80scost and qual-

ityhave become givens. The next level of competi-
tion will include the following:

Style and product Aribilitythe ability to produce
a variety of differentiated products with minimum
investment or setup. The current mismatch between
market demand and mass-production philosophy
requires a rapid transition to truly flexible. low-cost
manufacturing systems.

Integration of usatinfacturnee into design bringing
manufacturability requirements into the design pro-
cess early. Significant progress has been made in
design for assembly and expert systems. but even
greater manufacturing knowledge must be integrated
in the design process to develop robust, cost-effective
products.

Socsalleseironniental issuesa global issue for
manufacturing in the next decade. New material tech-
nologies will present unique disposal and matetlal-
handling challenges.

Taylan Alton, professor and director. Engineer-
ing Research Center for Net Shape Manufacturing,
Ohio State University (Columbus):

Overseas companies have three major ingredients for
success: cash, technology, and a well-trained
workforce. The critical issue facing US firms is training
the present workforce. plus acquiring and keeping
well-trained engineering and management talent.

In Germany (formerly West German)), each year
5000-6000 students with post-high-school training in

manufacturing technology enter the industrial
workforce. Of these. 150 are PhD manufacturing
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Management Council
surveyed more than 300
Midwest manufacturers
regarding their quality
and productivity
improvement strate-
gies. They were asked
about three classes of ,

strategies social sys-
tem. technical system.
and technology/equip-
ment and their impact
on nine variables: /
domestic market share. A
foreign market share.
overall sales. product
quality, new and
improved market intro-
ductions. productivity.
organization costs, A peasolial luoisoses narks Is a prolslype Mama pedant
employee skill and la .Maned sad mardad *soft sad mask M
knowledge. and profit- Nee1ol9Paalrard.
ability. Survey results
indicate social system strategies
have the most significant correlation
with the outcomes. which suggests
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I

emphasizing the social aspects of
performance improvement produces
the greatest payback.

Govommont's Role
Can US manuiactur

ers become competitive
without government
assistance? No. responds
Dr. Jacques S. Gansler.
visiting scholar at the
Kennedy School at Gov-
ernment at Harvard
University (Cambridge.
MA) and senior VP
TASC (Arlington. VAI
"Even a concerted et.
fort by industry to take
such actions as listening
to the customer and cut-
ting down on new -
product realization
will be insufficient if the
government continues
resisting making changes
that will let US industry
compete.

"Industry must pressure govern-
ment into initiatives like long-term.
low-cost capital: an educated and

engineers. 500-800 are on the master's level. and the
rest come from two or four-year engineering-
technology colleges. In Japan. the number of engineers
graduated every year is larger than in the US (more
than twice as many engineers per capita).

In the US. most manufacturing engineers. although
extremely skilled and valuable, are not degreed and
have limited openness to new technology. Similarly, in
middle management, many MS and PhD-level engi-
neers m Germany run manufacturing plants. Most US
companies do not have that level of technical capability
or training in their workforce.

To build a competitive manufacturing workforce in
the next 10-15 years will require innovative compen-
sation policies as already practiced by many high-tech
companies in the chemical. electronics. and commu-
nications industries.

Allan Young. vice president & general manager.
ATM Inc. (Aihia, IA):

Here are the problems:
Shortage of trained or framable people. It's difficult

to convince the smartest people entering the
workforce to go into manufactunng when the remu-
neration is low, challenges few, and growth too slow.

Lack Wands for updatingfacrIsties. Because we are
in a mode of making money by buying and selling
businessesthe business is always paying for itself
there's not enough to plow back into facilities and
technology improvement.

Intental politics. With manufacturing increasingly
controlled by lawyers, accountants, and marketing
executives. required people skills are more political
than technical, so manufacturing suffers.

Hama -Jorgen Warnecke. PhD. Fraunhofer Insti-
tute (or Production Technology and Automation
(Stuttgart, Germany):

To achieve cost and price leadership, innovation
must be managed well, especially quality-function
deployment, zero defects. and time compression. Con-
ventional business structures must be overcome: the
organization must be product and process-onented
rather than function-onented the vertical hierarchy
must be changed to a more horizontal, product-
oriented one. The bottleneck will be the thinking and
attitudes of people at all levels.

The need for flexibility will grow along with the
investment in computer-controlled systems that
adapt. The factory will no longer be determinatea
machine where changes and disturbances must be
avoided. Instead, it will be structured to be continu-
ously changed and "disturbed" by markets and cus-
tomers. Manufacturing will be a service.

Mickey Love, engineering manager. chassis
product plant, Dana Corp. (Oklahoma City. OK):

These are the most critical issues:
Educating ow workforce. We must nurture employ-

eesprovide all the things they need to grow. pros-
per, excel, and become outstanding employees and
well-rounded individuals.

Exepoweriag our workforce. For an "empowered"
and accountable workforce. we must push the
decision-making process to the lowest level. This
removes the need for managers. People will take pride
in all they do, and they will do a tremendous )ob.

Reorwr realms, of Shin Yoaag Makefoctermg Engl.
ewer of the Yearcant
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continuously
trained workforce:
incentives for
R&D and capital
investment: and
adequate support

for The necessary infrastructure
(including communicatior.s and trans-
portation). Current government poli-
cies have the perverse effect of fort-
ing industry to focus on short-term
investment. encouraging many criti-
cal industries to move offshore and
separating the military and civilian
sectors of the industrial base."

Many think its ly govern-
ment's attitude that must change.
"Our policymakers tend to believe
computer chips and potato chips are
the same." says Clyde V. Prestowitz.
president. Economic Strategy Insti-
tute (Washington. DC). When other
countries target the computer, auto.
or semiconductor business and exe-
cute industrial policies aimed at gain-
ing leadership in them, our
policymakers think it's a positive
thing because Americans are getting
good. inexpensive products. If you
respond. But its driving US manu-
facturers out of business.' they say.
'Let them make potato chips.' All
chips don't have the same economic
implications. We are systematically
elinunaung ourselves from the high-
value-added industries of the future.

"The President, in particular,
must make it the highest national
priority to achieve and maintain
industrial and technological leader-
ship: Prestowita stresses. "He now
gives that attention to geopolitics.
We subordinate our economic inter-
ests to get votes in the UN or allies
in the Middle East. We're constantly
trading away tangible economic
assets for intangible political gain."

"Change in the government is
essential," Gansler agrees. "Not
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only must it shift
toward a far longer
term perspective.
but it must begin
recognizing that
(a) there is a prob-

lem and (b) government has a signif-
icant role to play in correcting it. I
suggest far more emphasis in the
government 'mission agencies on
long-range technology investments.
with departments like Transporta-
tion. Education, and Environment
mirroring the investments of the
Defense Advanced Research Protects
Agency (DARPA). The Office of Sci-
ence and Technology Policy could
coordinate these investments.

"Applied technology is the key to
future competitiveness." he contm-
ues. "in both military and economic
spheres. A technology-based strat-
egy emphasizing a balance between
process and product technologies
(typical in Japan) and focusing on
their rapid application to new,
improvedbut less expensive. more
reliable products is clearly the way
to go. Government must assure
industry has all the incentives to
move in this direction...but it first
must remove the barriers."

What about a national industrial
policy, with specific technologies tar-
geted by the government for sup-
port? It's a hotly debated topic, and
Dan Burstein favors it: "Of course.
we'd have to set it up carefully. I call
it a postindustrial policy, where gov-
ernment money but not muchis
pumped into supporting industry,
coupled with aggressive use of tax
credits.

"The decisions about which indus-
tries to favor would be made in a
forum of representatives from
private-sector business, economists.
consultants, and academics who can
model industries of the future. I
believe we can pick winners and los-
ers, but I don't think Congress should
do it. It wasn't the Diet that devel-
oped Japan's industrial policy; it was
an elite body of the Ministry of Inter-
national Trade and Industry MITI],
dedicated civil servants who tapped
the best econonuc mods and resources
in their country."

Dr. Richard K. Lester, professor
of nuclear engineering. Massachu-
setts Institute of Technology (Cam.
bndge). and director of MIT's Indus-
trial Performance Center. agrees the
US needs a national industrial policy.
"We must develop better capability in
the federal government regarding
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industry or technology policymaking.
Whoever shouts the loudest now gets
attentionfor a few months, until the
next loud voice comes along. That
how it was with HDTV and semicon-
ductors. It's an ad hoc process. We
must create a sustainable body of
knowledge and expertise within gov-
ernment or available to it that can
evaluate industry needs.

"On the other hand. I'm lukewarm
about what targeting will actually
accomplish. There are so many areas
such as health and education and sav-
ings and investment an which govern-

ment policy could produce a signifi-
cantly greater impact on our ability to
compete."

Lester recommends a variation of
the RAND Corp. as a Federal tech-
nology policy resource. "RAND was
established when the nation taced
serious national security problems. It
provided objective analyses for the
defense sector. Even conservatives
in the current debate would find an
equivalent organization operating in
the industrial area acceptable. Ot
course, at the other end of the spec -
trum is a Department of Industry

Message from a Friend

In the life of any industry, many a
disadvantage can be turned into an
edge over a competitor. The Jap-
anese have become grand masters
at this game, and the rest of the
world is trying to catch up.

But less thought is devoted to
how advantages can quickly s5de
into liabilities. During the heyday
of the' American century," the US
made efficient use of its conspic-
uous advantages: an abundance of
raw materials, great talent, and an
enormous home market. Now the
last and greatest advantagethe
size and vigor of the domestic US
market is actually harming US
ability to compete against Japan
and Germany.

In the cutting tool industry, the
questions asked about Japanese
and German success are like those
asked in other industries. How do
they create products that are
slightly better and slightly cheaper?
How do they market them so
effectively? Both countries have
the same basic approach to world
markets, market share, and prod-
uct line selection. It's not a ques-
tion of lower labor costs, since
ours is not a labor-intensive indus-
try. or of raw materials, since
similar materials are used to make
cutting tools throughout the
world. Nor is it a question of infra-
structure; Japan. Germany. and
the US have roughly equivalent
economies.

You could cover the globe with
paper describing and analyzing
Japanese and German industrial
success. But there is one central
factor: the two countries have
exalted industry almost into a reli-

mon. This "religion" helped
restore their pride after World
War II and reinforced itself by
giving workers an extremely
attractive set of incentives: an
intangible patriotic goal, the emo-
tional satisfaction of becoming
number one in their particular
industry, and the very real bene-
fits of a substantially higher stan-
dard of living.

While Japan and Germany were
busy honing this process. the US
was spending a lot of money play-
ing policeman to the world. Even
more important, the sheer size
and dynarruc character of the US
capital market created the illusion
that investments and moving
money around were more impor-
tant than industry and exports.

The size of the US market cre-
ated other distortions. Lester
Thurow from MIT's Sloan School
of Management makes two rele-
vant observations. One is about
Japanese success in bypassing the
pitfalls of monopolies through the
keiretsu system. In the US.
antimonopoly legislation kills the
incentive to be number one. In the
evolving free world market. the
reasoning behind this legislation is
no longer relevant. Ar. astute for-
eign corporation will always be
there to challenge a US monopo-
list. Current legislation creates an
incentive to be second best.

Thurow's second point has by
now become a common battle cry:
the need for laws encouraging
"patient money" that would make
capital markets less a lottery and
more an instrument of solid
growth that's competitive through-
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within the executive branch."
That's on the mind of William J.

Fife, Jr., chairman and CEO.
Giddings & Lewis (Fond du Lac. WI),
one of the country's largest machine
tool builders. "Look at agriculture."
he says. "The government always
supports it strongly. It put low-cost
land into the hands of farmers; it
established land-grant colleges:
wheat, peanuts, milk, corn, and other
goods are protected through price
regulation; and agriculture even has
Cabinet status. All this effort goes
into a portion of the economy that
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accounts for only 2.9% of our gross
domestic product today. I don't want
to downplay the importance of agri-
culture, but manufacturing is the larg-
est sector within our gross domestic
product."

Princeton's Blinder has a different
view on a national industrial policy. "I
can't imagine a government structure
less likely to succeed with such a
policy than ours." he says. "Here's
the kind of country in which it could
work.

"First, there should be a rough
national consensus about what mus

out the world, not lust in the US.
The size of the American finan-

cial world is still beguiling. The
size of the American market is still
confusing: why sell to a foreigner
who speaks a different language
when there is a customer next
door? Japan and Germany never
had these dilemmas. For them it
was always clear that exports
were the key to survival.

Things have changed in the last
decade, but American insularity is
still a powerful and impeding fac-
tor. The words that describe the
debate over industrial policy are a
giveaway. People talk of the need
for a national policy. while what
they really reed is an international
policy We have proof of the higher
survival value of export-driven
economies. Any manufacturer
with a stake in the blossoming
East Asian markets is now enjoy-
ing a helpful cushion against the
doldrums in the US and Europe.

Another popular misconception
is a strong educational system
from kindergarten through univer-
sity is a key to a nation's ability to
survive in the new world of export
industries Real quality of life
derives from exports, not schools:
knowing is no substitute for doing.

The casualties ate your chil-
dren, who are growing up with the
gloom of lower expectations. lac-
mg less work in manufacturing and
more in services When people
talk about the changeover to a
service economy, they gloss over
the fact that there has been hardly
any rise in productivity in services
dunng the past 30 years. In a
service economy, expectations

are inherently limited. In brutal
terms, it means selling fewer cars
than the Japanese while trying to
make more money out of the Jap-
anese tourists visiting New York.

With the misconceptions about
service industries and education,
plus the union approach of getting
higher wages without waiting for
more can to be sold. it is not
surprising that America thinks it
has hit hard times, If size and
wealth have become a disadvan-
tage. however, they can be turned
around again. The vast market and
general acceptance as the world's
leader are powerful aids. All you
need is a few simple conceptual
tools and goals on which to focus
your tremendous energy.

The US leads in aerospace.
chemicals, and many other indus-
tries. You must make further
progress to strengthen positions
in which you are already strong.
focusing on exports and making
better products at a cheaper price.

Nobody can compete with
Americans in the sports they
really like. Make exports a sport-
mg game and world competition a
rival team. When the top exporter
gets Superbowl attention, you will
have won the game. This means a
poorer government and richer
people who, like a winning team,
have the strength and agility to
adapt quickly to changing situa-
tions. It is also a basic condition of
freedom and democracy.

Ste! Wertheimer
Chow:man
hear Ltd

Trios, Israel
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be done, the direction the nation
should go. We don't have that yet.
Second. there should be a political
mechanism able to promulgate such a
consensus. translate it into laws and
institutions. We don't have that.
Third. the political institutions should
be nationally rather than locally ori-
ented; politicians should believe their
job is to further the national interest.
not the interest of the 13th district of
Texas. We certainly don't have that.
Fourth, we should have an effective.
independent. smart professional gov-
ernment agency free of political inter-
ference to translate this broad man-
date into specifics. We don't have
that, either. Finally. there must be a
tradition of cooperation between gov-
ernment and industry, so industry
doesn't new government as either a
nuisance that it must get rid of or a
feeding trough. Does this sound like
reality in the US?"

Sunrise of &mist?
The future of US manufacturing?

Burstein sees two scenarios. "The
better case is the decision makers
will hear the wake-up call and get
moving There will be new capital
investment in plants and equipment
and new human resources policies
that bring in highly qualified factory -
floor specialists, and these profes-
sionals will participate substantially
in product design. Ironically. per-
haps. the biggest saving race will be
that Japanese companies will con-
tinue shifting their manufacturing to
this country, together with their
management and process.equipment
approaches. Japanese transplants
and Japanese- American Joint ven-
tures will significantly renovate facil-
ities and adopt new ways of coping
with industrial challenges. I hope
they'll bring mote of their better stuff
here than they have no far.

"The worse case is we don't
respond and there's a continuing era-
sion of competitiveness. It won't be
apowlyptic: manufacturing won't dis-
appear in America. This country is
too big, the manufacturing base too
large. and the domestic market too
great for it to be lost completely.
Nevertheless, we could see a signif-
icant deepening of the curve of lost
competitiveness."

"We're not going to drop into the
abyss," adds Lester, "but I have little
hope for the short term because too
many US policymakers don't yet per-
ceive the situation as a full-fledged
crisis. The problem is insidious."
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FUTURE VIEW
hen the Hudson
Institute published a
book over five years
ago called Workforce
2000. a study done

for the US Department of Labor,
researchers, pundits. and after-
dinner speakers made its tide a
buzzword for trouble ahead. The
book offered three visions of the
economy at the turn of the century:
the surprise-free scenario, in which
the economy and labor force grows
slowly, with unemployment at just
over 7%: the world-deflation or
global-recession scenario. with over
9% unemployment; and the technology-
boom scenario. where growth
rebounds to post-World War II levels
and unemployment drops to 5.9%.

Whichever view you chose. you
saw the manufacturing labor force
shrinking both absolutely and rela-
uvely, though productivity could rise
through new technologies and man-
ufacturing systems that improve
quality. cut costs, and raise output.
This prediction was based on what
Hudson called the Five Demographic
Facts.

The Slernanrig Pool. By 2000.
the population will probably be only
15% greater than in 1985. US Bureau
of Labor Statistics estimates range
from a conservative 7% growth
(based on low fertility, high death
rates, and few immigrants) to 18%
(based on the return of large families.
lower death rates through advances
in cancer and AIDS treatment, and
many immigrants). "Throughout the
'70s and early '80s. the US managed
to sustain a rising standard of living
by increasing the number of people at
work and by borrowing from abroad
and from the future," says the
report. "These props under the
nation's consumption will reach their
limits at the turn of the century."

More Older Workers. As the
population (and workforce) average
age rises, the pool of young workers
shrinks. In 1986 -2000, 38% more
people will be in age group 35-47.
67% more all join age group 48-53.
At the tarn of the century, only 13%
of the population will be young (20-29
years). Workers ages track these
trends closely. In 1985. 38% of the

workforce was in age group 33-54;
25 million workers. half the pie in the
standard chart, will join this group by
2000.

Mort Women. There will be
more women workers, though the
rate at which they join the workforce
will taper off.

More Minonties. Minorities will
make up a larger proportion of work-
ers than in the past.

More Imentersons. More new
workers will be immigrants than at
any time since World War I.

TM Sldgls iimo
What will it cost to train these new

workersthe "nontraditional" ones?
What will it cost to retrain those now
on the job? Nobody knows. We don't
even know how much industry
spends on training today. The
National Association of Manufactur-
ers (NAM) says $30 billion annually:
the American Society for Training
and Development says 150 billion.

Though the federal government
has no reliable figures. the Presi-
dent's Council on Competitiveness
does estimate the cost of closing the
"skills gap." The private sector's
training efforts. which now affect one
of every 10 workers, would have to
reach three of every 10. The price
tag: $88 billion.

Why is the bill so high? The sta-
tistics are familiar but still horren-
dous. The Bureau of the Census tells
us that one out of four births in the US
in 1990 was illegitimate. Broken
down by race. 57% of births to black
women, 23% of births to Hispanic
women. and 17% of berths to white
women were illegitimate. Over two-
thirds of births to teenage mothers
were illegitimate, and 90% of births
to black teenagers were illegitimate.
Babies born out of wedlock are likely
to be poor and disadvantaged, but
babies born to teenagers are at the
greatest risk. so these figures are
benchmarks for trouble in the
workforce of 2010.

As for people on the job today.
with one of eight employees reading

Us Eaton

0-

at no better than fourth-grade level
and one in five reading at eighth -
grade level. the picture isn't rosy.
There could be as many as 27 million
illiterate and semiliterate adults and
four million with under 5 years of
school. The NAM expects US
employers will soon be hiring a mil-
lion workers a year who can't read.
write, or aunt adequately. Those
already at work will have to be
retrainedall 30 million of them.

It won't get better. The NAM
pointed out in a 1990 report, Amer-
ica's Wore:forte in Pis 1990s, that "as
jobs grow more demanding, educe-
deo and training deficiencies will con-
tinue to cause a fundamental mis-
match between jobs and workers that
will necessitate a r- mbstantial expan-
sion n corporate training."

tillgenebte M adalidag Patti
Manufacturers are showing grow-

ing concern over workforce manage-
ment because of the skills gap. Two-
thirds of NAM members surveyed by
Towers Perrin last November
reported "some current difficulty"
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WILL THE WORKFORCE WORK?

filling professional jobs: 57%
reported difficulty filling technical
jobs, and 52% reported some diffi-
culty finding skilled craftspeople.
NAM members expect these short-
ages to ease in rive years: the per-
centages drr,p to 47%, 39%, and
33%. respectively.

Asked what workforce issue was
Jost important in corporate plan-
rung, members indicated powerful
concern for the kind of worker hired.
That issue outranked even labor
shortage. Why? "Although the growing
number of women. minorities, and
immigrants in the workforce was not
the subject of this survey, it is an
issue that casts its shadow on the
problems of labor shortages and skills
gaps Yet it is extremely important
to tap these nontraditional groups in
times of shortage There are "self-
interested reasons." says the NAM
It sounds as though well hear a lot
about managing diversity in the next
decade.

If you work in California for a
high-tech company like TRW Space
and Defense (Space Park. CAI. how-

ever. diversity is a fact of life, and
William Izabal is the diversity man-
ager. As such, he told the National
Action Council for Minorities in Engi-
neering (NACME) recently, he deals
in facts, not feelings. Facts mean
demographics.

"There are some nonbelievers in
the company," he says. "so I give
them demographics for the Los
Angeles labor pool that we draw on:
30% of the population Hispanic. 11%
Asian. 11.2% black. 39.7% white."
The K-12 school population is 58%
Hispanic. "That's the workforce
coming up today. not years away." he
says. TRW's own demographics
reflect the change: on the technical
staff today 45.6% are minorities: in
the overall spaceidefense workforce
at TRW. a third are minorities. "You
don't ignore numbers like that."
Izabal tells managers.

Over in Palo Alto. at Hewlett-
Packard. John Lynch has the title of
corporate manager for Equal Empkw-
mem Opportunity /Affirmative Action/
Diversity, which nicely reflects
changing concerns of employers over

OUJOUVACTURIOIG ElCOOURINGJANUARY 1S*2
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the decade. Diversity management is
a priority matter at HP: CEO John
Young put it on his list of top 10
strategic objectives in 1989.

"Diversity is a business issue."
Lynch told his NACME audience. "It
takes 550.000-S100.000 to get a new
engineer up to speed. You invest six
to seven years in training and devel-
opment. Without opportunities. that
person will leave. probably in the
sixth to tenth year of employment
those are the crucial years." HP finds
the most vulnerable group to be
women and mincrines with advanced
degrees.

In (ugh -tech companies all over the
US. diversity managers face a major
obstacle. however: workforce
downsizing and flattening of manage-
ment layers. It's not enough to hire
someone and give him or her a pay-
check every month, Lynch says
"Diversity management means
retaining, developing, and promot-
ing. It means an action program in
which all managers play a role."

What's the solution? Every corpo-
ration has a culture. Find out how it
works. and then make it work (or
these nontraditional employees.
"The most frequent reason female
professionals and managers give for
leaving is exclusion from the old-boy
network." says Izabal. His studies of
TRW produced an interesting fact:
employees central to social networks
in an organization tend to be seen as
influential and get more promotions
than others. So it follows that engi-
neers and scientists who become part
of that network are more likely to
stay with the company and be pro-
moted.

"At certain levels, in companies
like ours." says Lynch. "the technical
skills are there." What's missing for
women and minorities are non-
technical. "soft" things like visibility.
relationships with key senior manag-
ers, support systems, good advice
about when to move to another job.
"You have to measure these soft
things." says Izabal, "because they
determine whether an employer is
preferred by this new workforce."
When good technical people are in
short supply. employers like TRW and
HP -rant to be preferred.
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CA... on Ms
Training Sarno

We don't have a
national industrial
policy (except by
default) to guide a

monumental effort to educate and
train the workforce of the next cen-
tury. We don't have a national edu-
cation system. a national apprentice-
ship system. a national curriculum.
Given these facts, it's probably just
as well that we don't have a national
competence test to tell us how bad
things are.

Billions are spent and no one is
satisfied. John W. Sinn. professor of
manufacturing technology and asso-
ciate dean of the College of Technol-
ogy at Bowling Green State llruver-
sity (Bowling Green, OH). describes
the chaos:

Little or no coordination among
primary and secondary schools. two
and four-year colleges and =versi-
fies, and graduate schools

Little connection between edu-
cators and business, though business
is education's customer

No linkage of math, science. and
technology in technical programs

Obsolete equipment and obso-
lete instructors on campus

Inflexible bureaucratized and
politicized educational structures
from state to local levels

Overlapping and conflicting
technical and professional groups, all
busy with turf battles rather than
useful agendas.

The result. says Sinn, is "much tech -
meal education is isolated. disjointed,
out of date, and irrelevant to the
needs of a technological culture

Jerry L. Monson has a name (or
what Sinn describes He says there's
been a "paradigm shift" in manufac-
turing that neither educators nor
manufacturers yet understand (see
tables, pp. 52. 541. He's been pon-
dering these issues since he left a
metal fabricating company to become
vice president for customized train-
ing at Minnesota Riverland Technical
College in Owatonna.

From the perspective of three
decades of manufacturing experi-
ence, he looks out over the campus
ant: sees flux. "The distance between
management and shop floor is shrink-
ing fast. The skills once specific to
each group are beginning to blur and
meld." Shop flour workers now need
to read, write. communicate verbally
with each other and in groups. col-
laborate. handle statistics. and use
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computers.
The pressure on educators to

meet these new demands is intense
and will only increase, yet schools
resist. "The typical educator on the
front line," Monson concludes. "has
not yet realized that his competitor is
not at the college or university next
door but across the ocean."

Clgeluan or Egg?
One such competitor in the high-

tech area is Walter Ebersheim. who
occupies the chair for manufacturing
engineering at WZL (Laboratory fur
Machine Tools and Manufacturing
Engineenny. Aachen University of
Technology (Germany). Ebersheim
has been watching the US system at
work over several decades and is still
astounded. In the mid and late '60s,
when groups from the US came to
look at the German educational sys-
tem. professors would complain to
him that in the States they couldn't
get research contracts from industry
because industry said they had no
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reputation. How could they gain
industry's confidence if they never
got a chance to show what they could
do? Ebersheim calls this the
"chicken-or-egg" problem.

Though Ebersheim has been lis-
tening to these complaints for 20
years. he is still amazed at the results
of the deadlock. He remembers com-
ing to the US in the '80s to work with
MIT and looking into the teaching lab.
"I found a machine tool museum!" A
few years ago on a California vista he
discovered that the lab at Stanford
University had just acquired its first
NC machine tools.

At the time of his Stanford visit. by
contrast. Ebersheim and his col-
leagues back in Germany were hard
at work on a CIM curriculum to be
taught in a university-run CIM fac-
tory. Students would conduct indus-
trial projects as they were trained in
advanced technologies. designing a
part. creating a program to make it.
measure it and test it. order maten.
als, schedule, and assemble.
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Because
demands flexibil-
ity above all and
humans are the
most flexible
resource. and

lifelong learning ts part at Germany s
.naustnal policy the new LINI tar-
ory pros-Ides for workforce upgrad-
.ng Workers will hit the campus Our-
,fig school vacations in groups. work
in the factory for a week or two.
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return to their companies. and come
back again as needed

Even in Germany. where the
industrial policy gives priority to CIM
and lifelong learning, college profes-
sors can't create such projects by
decree. Ebersheim says an intense
lobbying effort at federal ministries of
economics was needed. (Note that in
Germany creation of workforce skills
is an economic matter. not an edu-
cational one.) In the end, the most

sympathetic officials were .n
Hannover. and the factory is rising
there. Hannover worked out the cur-
riculum jointly wah Aachen and ire
technical university in Geneva. Swit-
zerland. where Ebersheim holds a
teaching post.

Partnerships. says Ebersnenn.
can get away from the paralyzing
question. "Who takes the first step "
In 19Th WZL sent experts to Colom-
bia and Brazil to establish such a
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MANUFACTURING ENGINEERING asked Miller a series of technical collaborations with machine and
to share his made new of this high-tech lapanesefirrn. instrument makers, other related hardware and soft-

ME: What Mind of tnynetry does FsIntaa Inn? ware vendors, or the company's own research Labs when.
Miller: Almost all manufacturing engineers here they are the source of new machines or methods. Vendors

come nght from school. with no knowledge of our ad staff eugmeers are sitting at tables poring over
products or production methods Most graduated from specifications and design details all the time in our
the specialty high schools. very few from four- department, bringing in expertise.
sear-college programs. Advanced degrees are rare. In For example, one personor a small number of
a nsanufectunng engmeenng department of 300. you peoplein the manufacturing engineering department
probably won't find one person with a graduate degree, ought focus on a hardware or software development
though you might find a few in product engumenng project for several months or longer, all low key. while

ME: Whit ghoul Ike plant floor' other people m the section busy with their own work
Miller. Most production workers come out of the pay little attention. If it's clear six months later that

standard high schools A small percentage come from this small development effort will let the staff do
the specialty hso schools, and a few support staffers somedwrig new or make an improvement, more people
come from lour -year college programs. get involved, and the effort intensifies.

ME Then what's the carter path? ME: An than lessons hen?
Miller A college graduate might move into quality Miller. Yes. When development work goes on in

contral. manufacturing engmeenng, or a fast-track the factory side by ode with everyday production.
section within a production department. A high-school when learning new things on the job is part of the
graduate might go right to the plant floor. perhaps normal work routine, and when people are given time
nwyang up in group leader or even supervisor to learn those things. you get amazing results. People

ME: Hoto selective is the cowpony is htnng" who came into the company with no special education
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partnership. The Aachen people set
up a manufacturing engineering pro-
gram. installed equipment bought
with a mulumdlion-mark donation
from the German government, and
told their partners to say, when the
chicken-or-egg problem came up.
We don't have the expertise to do

your project alone. but our partner in
Aachen does.- In the process of sell-
ing your partner's expertise. he says.
you acquire what you lacked at the
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beginning.
In short. it's time for Monson's

new paradigm to show itself for US
educators to stop blaming each other
and start talking to industry. and for
US industry to stop blaming educa-
tors for workforce deficits and start
talking to the schools. Even if you
give up on the kids, educating adults
on a lifelong basis for changing tech-
nology means the two will have to get
together sooner or later. Are we

going to keep asking who's going to
go first?

Industry-Educadon Alikeness
Don't hold your breath waiting for

a national education agenda. Don't
expect President Bush's Thousand
Points of Light to wink on in time to
light up manufacturing's needs.
Henry P. Conn. who heads A.T
Kearney's Total Quality Manage-
ment consulting practice and has

beirsaktasistetkiir
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din plant formally. salamis abuse 35.00Cranognitimas ar
year. That any im am. visitors. but us ism. %Tha
does impress me is the company's infentristare afr
small -group improvement project % cniatantly reser
ating suggestions for product or ;mama improvement
or cost reduction, with suppost staff constaattrevai-
uating and following up. At the plant-Boor level_ the
staff on pursue any suggestion it wants. That's what
turns ideas into improvements. Our manufacturing
group m no different: our job is to build products, meet
delivery dates. and make improvements.

ME: Any tips about working is teams?
Millen Not one. I discovered that no one talks

about teams here. No one has philosophic arguments
about who should be involved in a group. If you assume
no one human ever has all the information needed to
solve a problem. you know the process will take place
in a group. If the work group doesn't have the exper-
tise, you look outside it and pull the right specialties
across the boundaries. Group activity itself doesn't
strengthen expertise or generate it.

ME: If US companies start borrow:xi from Japanese
tecrk styles. will the ME's rote become more important?

Miller: I think that's wishful thinking. The manu-
facturing engineer becomes more important m a com-
pany only when everyone in that company, from the
CEO down. believes manufacturing power is impor-
tant. The pecking order here is not so different from
plants at home: the top executives all come from
design. What's different is the people in manufacturing
aren't on a track fast or slow to anywhere else.
Power builds through expertise, the company says. so
the engineer with 15 years experience is more pow-
erful than one with five.

ME: Speaking of power, how about financial power
in she company?

WPM Oi lemaim ist Illipres, Jalar

Maim TLe masufacnitingmanagers are the finan-
cial heavyweights. Everyone does budgets, cost
accounting for activities in the group, planning for
machine investment and depreciation. They funnel
those data to the central accounting group in the plant
which keeps a low profile. All the executives under-
stand that when you're coastaatly pushing the perfor-
mance envelope, you most get new automation.
Sophisticated cost account* doesn't build better
products. People here keep cost justification simple.
so design and manufacturing staff can focus on reducing
cost, time, and defects.

ME: Fujitsu messed in yen. Is the company worried
about at?

Miller: Our markets are down now, and cost -
cutting pressure is intense, but I'm not affected. The
company said I'd be here for 21/2 years, so I'll be here
for 21/2 years.

I'm finding out how this company keeps things
moving through organizatior.a/ and individual willpower
and commitment. That's enough for Fujitsu. But
rememberI'm a college professor. I'm sure reality
will hit me on the head when I arrive at the plant in
Texas.

MANUFACTURING ENG1NEERING-JANUARY 19,2
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recorded a some-
what apocalyptic
vision in a book
called Workplace
2000. believes
that would be a

waste of time. Our educational sys-
tem has always been parochial, frag-
mented. and selfish." he says. k's up
to local businesses to get together,
take on a few kids apiece. and try
something new.

Solutions have been percolating up
from communities. regions. and even
state capitols. not down from the
federal government. Local alliances
are being forged: community
resources however unsatisfactory
they may look at first glanceare
being tapped: regional coalitions of
economic development groups, busi-
nesses. and schools are forming:
industry is bankrolling high-tech
training centers on campus: pay-
for-skills or pay-for.knowledge pro-
grams are blossoming. That's the
American way: 240 schooldays a
year. as in Japan. is definitely not the
American way.

Companies with skills cnses on
their hands, like Will-Burt Co.
Orrville. 014:. a fabricator of

machined parts for Volvo. Mack. and
Raytheon's Patriot Missile, must act.
They have no time to blame the
schools that didn't teach Johnny to
read. Will-Burt. facing liquidation
because of product liability suits,
took a close look at its workforce.
Like many manufacturers with qual-
ity problems. the company hadn't
realized the size of its skills gap. It
found workers using blueprints who
couldn't read them and workers using
scales who couldn't understand the
readings. The company teamed up
with the University of Akron to
develop a math - literate workforce. It
now has a premium-quality product.

Not everyone turns to the schools
first in a crisis. Another auto parts
manufacturer. Plumley Companies
(Pans, TN), knew how poor the gen-
eral education system was around its
plants in western Tennessee and
northern Mississippi, so it led the
assault on educational problems
inside and outside the plant. Manage-
ment began with the basics: teaching
workers reading, writing, and math.
Now there's a plant staff of teachers
who prepare workers for certification
as quality engineers and technicians
and love courses fur the GED. At the
same time. the company is highly
visible in the education system, with
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a flock of employee-volunteers acting
as substitute teachers in the local
schools and serving on school boards.
In fact, it's one of only 16 companies
to win the US Department of Labor's
award LIFT f for "Labor Investing for
Tomorrow").

Bill Lewis. who heads the machine
tool technology department at North-
ern Kentucky State Technical School
(Covington). firmly believes in stra-
tegic alliances with industry. The
trick is to get a core group of the right
people to work with you. Then they
can recruit others. He set up an
advisory committee for his program
composed of people from four key
Cincinnati-area companies: Kenna-
metal. GE Aircraft Engines. Mazak.

BEST COPY

and Cincinnati Milacron.
The group now numbers 18 and

represents a cross-section of the
greater Cincinnati precision metal-
working industry. It incorporated as
a nonprofit organization (to bypass
educational bureaucracies 1 and
started offering courses in skills area
workers needed that were conve-
nient and cheap: 20 hours of statis-
tical process control training for
$100, 25 hours of geometnc dimen-
sioning and tolerancing for $200.
Courses were up to date: the GD&T
teacher was a General Electric
employee, the SPC teacher worked
for Ford. a trainer from American
Society for Quality Control taught the
quality course.
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With all this
tuition money in
hand, the
tee put 00 a recruit-
ing blitz, producing
a docket glossy bro-

chures. media ads for the program. and
a fat, ingressive ring binder with color
photos of trainees at work on shiny
high-tech equixnent. lists of precision
metalworking job requirements and pay
scales, answers to questions about
careerseven a video bound into the
cover. Every high school counselor m
northern Kentucky got a binder: every
high school graduate in northern Ken-
tucky got a set of slick ma-ening bro-
chures: everybody who visited the Cin-
annan cor.vention center for a sports.
boat, travel, even a home and garden
show saw the committee's booth.

John Sinn, who has a similar suc-
cessful advisory group at the college
level at Bowling Green State. says
you don't need a board of overworked
and uninterested executives per-
forming a "community service." You
need a working board that meets
once a month or so. with almost
every member in attendance, that
really works for your program all the
time, even traveling to the state cap-
itolor Washingtonto lobby.

Th. integrated Engiftw
"I don't think the universities or

industry have yet come to grips with
what the manufacturing discipline will
be in the '90s, much less in the first
two decades of the next century."
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says James Duderstadt.
president of the Univer-
sity of Michigan (Ann
.Arborl and an engmeer.
in the '90s well find out
more about what the
manufacturing engineer
really is."

Duderstadt's advice?
"Get the broadest cossi-
bie education now. I don't
mean taking more sci-
ence and math 1 rneact
liberal education. Avoid
specialization as much as
you can. The technology
is moving too fast to keep
up without constantly
upgrading skills. Our
engineers shift out of
engineering in about N. hawks M! Ida maksaaaad *ma.
five years if they don't. c....ousiktaawaymk aka ON wiz, .aialaa a
They migrate to mar - emirs anpair put at LTV Astemprot
keting, management. gish. uNi aa Nana
or elsewhere."

Kearney's Conn agrees. "Being an fragmentary and repetitive approach
engineer is not good enough. When I schools favor, Dean Emeritus Joe
was in engineering school we took Bordogna of the Uruversity of Penn-
engineering English, engineering sylvania (Philadelphia) told the
economics, engineering ethics. Why National Society of Professional
not, We were engineers. after all. Engineers board last year. They are
The ME of the future won't focus on repelled by curricula that promise a
machine utilization and steady diet of the same subjects they
We don't need narrow skills: we need studied in high school. Only at the
multifunctional people." end of the engineering education pro-

There's another factor here that cess, if at all. do students finally see
makes Conn's and Duderstadt's the interconnections among special-
advice even more meaningful: ized areas of knowledge.
recruitment. Students are being The result? Engineering grade-
dnven away from engineering by the ates with no experience in mak-
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ing connections
among seemingly
different din-
covenes. events.
and trendswith
no synthetic skills.

Even more serious, said Bordogna, is
the effect these graduates have on
US manufacturing competitiveness.
"The inability to look at technological
development as a whole is the prune
reason why US manufacturers can't
get competitive goods out the factory
door."

How would this new curriculum
work? Students would be confronted
with hands-on activities right from
the start, said Bordogna. They would
learn to define problems, consider
alternative solutions, and experience
"the excitement and frustration
caused by creative design, firmed
knowledge, and open-endedne
creating a new product or sys:

There's another advantage of the
approach, said Bordogna: "The tough
courses in science and math that
would follow these hands-on experi-
ences, the ones that drive many an
engineering student away, would no
longer be taught in a vacuum." By the
time they came along, students would
see the connections between these
fundamentals and the goal they'd
see the relationship of process and
pnnaples he feels is so crucial for
engineers in the next decades.

Toe ME In Foes Funny
Ford Motor Co. seems to be on

dordogna's wavelength. The com-
pany describes the manufacturing
engineer it needs to handle its future
factories in one word: "integrated"
ins report is titled "The Need for an
Integrated Engineer in the 1990s").
This conclusion doesn't represent a
consultant's vision. Ford decided to
go out to the plants and ask the
workers doing its jobs today what
skills they needed now and what skills
they would need in five years.

People from plant manager and
chief engineer down to entry-level
engineers and production and main-
tenance supervisors gave interview-
ers their skills lists. Hat least half the
employees doing a job said a skill was
mandatory, it went on the official list.
The skill categones for Ford's MEs
now form a blueprint for the com-
pany. basic engineering, material
handling, finance/business, quality.
plant engineering, personal comput-
ers, safety, supervision, Interper-
sonal. maintenance and production
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practices. Out of these Ford picked
three key categories. That basic
engineering was one is no surprise.
but look at the other two: quality and
interpersonal.

How will Ford of the future be
different? The manufacturing engi-
neer will work much more closely
with product design engineers and
communicate with them on the same
ethnical level, like it or not. The

goal, says Ford. is not to make a
designer out of the ME but to make
the product the highest quality and
the lowest cost. Thai means talking
the design people's language well
enough to exert strong influence at
the point when most product cost is
established.

Ford anticipates the shift in the
ME's role on the plant tloor that
others mention. with technologists

Learning To Loam: Tomorrow's Survival Skill
US Department of Labor/Amen-
can Society for Training and
Development researchers
expected a long wish list of tech-
nical skills in the late '80s when
they began a major study called
Workplace Basics: The Skills
Employers Want. They got a sur-
prise. The most basic skill employ-
ers needed was "learning to
learn." James F. Baran. Jr.. in a
president's message to SME
members last fall, called it "the
lifeblood of manufacturing, possi-
bly manufacturing's No. 1 prior-
ity." It's certainly tomorrow's sur-
vival skill. Here's a look at some
survivors.

Henry Martin has worked at
Procter & Gamble's plant in St.
Bernard. OH. for 25 years. He
was a loader when a maintenance
machinist job opened upa good
job, an interesting job, more
money. He had the seniority but
not the training. P&G. which had
recently restructured its plant
around teams and technicians.
decided to help Martm, a high-
school graduate, get up to speed.

P&G staff and people from
Northern Kentucky State Techni-
cal School, nearby in Covington,
collapsed a two-year program into

one. building on the skills Martin had.
In '89 Martin became a full-tune stu-
dent in a tailor-made program, while
P&G paid his tuition and supplies and
sent him his paycheck every Friday.

Martin hadn't done homework in
25 years. The kids in his welding
class were his own kid's age. Trigo-
nometry almost killed him. Woist of
all. his son. who had just gone off to
college, started coming home on
weekends to give him advice. "When
I fell asleep on the bed doing home-
work." says Martin, "he'd wake me
up and tell roe to sit at the desk to do
itjust what I used to tell him. It was
comic!" Meanwhile, he had chores to
do along with that trigonometryhe
raises beef cattle on his farm out in
the country. Now that he's back at
P&G in that machinist job he wanted.
he's thinking about going back to
school on his own. Whether he does
or not, he's learned how to learn.

Teresa A. Browning has two
grown children. two horses. a 3.3
GPA, and a Myrtle and Earl Walker
scholarship from SME. After auditing
lax returns for the State of Indiana
Department of Revenue for 20 years.
"I had a job, not a career. I didn't
know what career goals were. So I
took a chance." She quit her job. took
her retirement money, and invested

it in herself.
In May '93 she'll

graduate from the CIM
Manufacturing Tech-
nology program at
Indiana University'
Purdue University at
Indianapolis. Why
CIM? It promised van-
ety and hands-on, she
says, and it's delivered
(the photo shows her
at her co-op job at
Allison Gas Turbine
with designer MadhuTema Ilmning /bss eat as las sow sisawisst
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coming to the forefront as supervi-
sors. MEs will need a four-year
degree in engineenng or technology.
The name of the degreemanufac-
turing engineering or mechanical
engineering or technologyis not
the issue. Skills are the issue.

Ford's "generic profile' of the ME
of the future is summed up in a word,
"flenbility." Achieving that profile
will mean self-improvement; "Con-
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tenuous lifelong learning has become
an essential ingredient for the ME's
personal and professional develop-
ment." says the profile. "Future
MEs must be flexible enough In tem-
perament and skill acquisition to
adapt to rapid changes in technology
and business conditions."

Could this describe the "manufac-
turing systems engineer" we keep
hearing about? As Dr. John B.

Chatterjee at the con-
trols of his new heat-
treat equicanent). Unit Ice
Henry Martin, Browning
found others Ste her in
class. `They all us 'new
majority' students at
MP," she says. "We're
older, we have work
experience. and we have
been unhappy."

What happens next?
Shell begin an MBA
program in August '93.
after that. an MS.
"now that I've learned to be a
student again."

Henry Conn joined Ford
Motor Co.'s Louisville. KY,
Heavy Truck Assembly Plant first
as a student trainee. then in 1964
as a manufacturing engineer. Like
many ambitious MEs. he started
working on an MBA at night. It
took him five years; along the way
he got a se and master's and stud-
ied languages.

When he became manufacturing
engineering manager at the
the largest of its type in the world,
he was ready for corporate man-
agement. but management wasn't
ready for him. Coming from manu-
facturing as he did, he was told, he'd
have to serve another 8-10-year
apprenticeship at the corporate
level to move up the ladder.

Conn had the skills and decided
not to play the game. He quit, and
took a lob as as corporate director
of manufacturing for Allis-
Chalmers' Siemens division, and
then moved to TRW as a corporate
officer in charge of change and
quality. Now at A.T. Kearney, he
thinks about a future where jobs
depend on skills and performance.
not longevity. What skills? The
ME must know how to "listen, write,

1.4
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negotiate. cajole. faalitate."
!runes Shellaberger was a

machine operator and job setter
for 15 years in Dana Corp.'s U-
Joint Division plant in Lima. OH.
For 10 of those years he went to
school at night, ending up with a
handful of associate's degrees
business administration, market-
ing, and production management.
Meanwhile. he moved around the
plant every chance he got and
made no secret of his ambition: to
be a manager and an engineer.

In the hard times of the '70s.
nobody heard him except his boss.
who took time to tell him straight
out that his chances were ni. That
made Shellaherger mad.

"I was going to prove them
wrong," he says. "I was going to
make it here, or make it some-
where else."

While he was biding his time, he
bought a PC and kept busy teach-
ing himself computer language.
When he saw an ad in the local
paper for NC/CNC programming,
he signed up. "At this point, total
computer power in our plant was
one PC-XT and one CNC
machine." he remembers. After
that class, he signed up for an

Collimated ow pg. 58
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Yasinsky. executive VP for Power
Systems. Westinghouse Electric
Corp. (Pittsburgh). described this new
breed at the University of Pittsburgh
last year. the MSE will understand
the role manufacturing plays in the
overall business. lead the qualit
dnve. understand how to customize
products to meet the needs and suit
the tastes of users around the world.
and know how to make and deliver
the product competitively.

In 1987 Westinghouse Electric
Corp. helped Pitt create its RISE
program to serve a global market
Global. high-tech companies seem to
prefer broad-based programs like
these over more traditional curncuta
focused on mastery of leading-edge
technology and product - specie.
skills. Giants like Boeing. General
Motors. and Eastman Kodak heavily
support MIT's Leaders for Nlanutac
tunng master's program, for exam-
ple. To get muluskified managers
they are willing to provide intern-
slups and loans of executives

Engineering Education: Four
Yews? Seven? A LHetime?

How can the new skills he
crammed into the classical engineer-
ing program? Many observers sal
engineering programs must he
expanded. "I don't think vou can pro-
duce an engineer in four years." +ay,
the University of Michigan.>
Duderstadt. "I expect the MS to be
the entry-level degree for the engi-
neering profession in the '90s. and I
expect it will take five years to get it
Four-year programs will be for peo-
ple who don't want to be engineers
people preparing for something else.
like medicine or law Henry Conn
expects to see seven-year engineer-
ing programs take off.

Some, like Marcus A. Clarke. Jr..
process manager. manufacturing
strategy and planning. Ford Motor
Co., who prepared Ford's analysis of
the integrated engineer of the future.
suggest adding a year but giving grad-
uates an MS at the end, as schools
like Rensselaer Polytechnic Institute
(Troy. NY) do. The extra year would
allow time for summer internships
and co-op programs.

Most educators don't like the idea
At academic and society meetings
every year there's talk about revising
the curriculum to reflect systems
engineering, TQM, design for man-
ufactunng, communications skills, or
other pnonues-of-the-month. Still,
according to Neil A. Norman. presi-
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dent of the Amer-
ican Society of
Professional Engi-
neers. who keeps
his ear to the
ground on such

matters, no engineering educator
involved with accreditation will com-
mit to a five or six-year requirement.
nor will the chief engineers of major
corporations support such a move.

Opposition is both philosophical
and practical. On the philosophical
front, opponents say it's ridiculous to
ask schools to prepare students com-
pletely for tomorrow's factory: cram
their heads with all the engineering
basics and all the leading-edge tech-
nology, and then stuff in the commu-
nication skdls. financial and manage-
ment techniques. international
insights. ergonomics. TOM, and con-
flict resolution techniques, and then
maybe shake it all into place with
hands-on experiences-co-ops and
internships.

Where will you find students will-
mg to spend seven years in school to
learn technology that's only good for
five? These critics also want to know
who will pay the bill for more faculty.
classrooms and labs, scholarship
funds. housing.

Gregg Brure. who teaches manu-
facturing technology at Purdue Uni-
versity (Lafayette. IN). is one of
these cynics. University graduate
programs in engineering and science
emphasize mathematical theory
because they are tailored to the
needs of doctoral candidates, he
says. What's needed are programs
that are better, not lust longer. He
suggests that. instead of more the-
ory, a graduate program focused on
one technology or one industry would
give students a good grasp of rele-
vant business issues while exploring
the technology's engineering issues.
Clarke also likes the idea of longer
programs in which students study
key technologies like control theory
or computer system development
on a graduate level after mastering
the basics.

As On Pyramid Co Ilapollk
Ids Tidos Melee Ascend

Debates over curricula must
reflect the fact that the technical
workforce of the '90s will no longer
be a pyramid, with one person at the
top, below that field engineers and
technologists, and then a herd of
unskilled workers making up the
base. Duderstadt expects the pyra
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mid to be replaced by a structure
more like a rectangle made up of four
groups of about the same size

At the upper level. people with
advanced degrees in engineering and
business will manage and oversee
manufacturing operations. "MBA and
finance types will disappear rapidly
from this level of management." says
Duderstadt. "It's unthinkable that
anyone without a strong technology

background-and that probably'
means an engineering degree-will
be put in charge of a manufacturing
enterprise."

At the next level, we find MEs
responsible for designing and inte-
grating the manufacturing proces>.
Reporting to them are the engineer-
ing technologists to relatively new
specialty., responsible for the
machines themselves. At the worth

Continued from pg. 57
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engineering course, where he
studied flexible manufacturing
systems. "I could see a revolution
in manufacturing was coming
fast." he says.

In the '80s, while Shellaberger
was running a CNC lathe by day
and working his way through an
engineering degree by night, the
revolution finally came to Luna.
The plant began to automate, and
he got his chance. Now he's a
CAD/CAM systems engineer and
a key member of the Lima CIM
team that won CASA/SME's
LEAD award last October.

How did Shellaberger know all
those courses would pay oft? He
didn't. "Life is full of risk for peo-
ple who want to better them-
selves," he says. "There are no
guarantees that if you go to school
and work hard you'll get ahead.
For me, its a matter of interest in
life. When I'm in my '60s, if I don't
feel I'm learning something new
every day I'm at work, I'll stop
right then and there."

Leo Potts, an Indianapolis pat-
tern maker. was womed about

CNC. His employer. Jacobson
Pattern Works. supplies produc
non gages and molds to corpora-
tions like Navistar, Chrysler. GM.
and Caterpillar. -The data from
those large companies comes in on
10' mpg tape. and we must trans-
fer it to our system and out to the
machines. All of us in our union
local needed CAD/CAM and CNC
training. but the small shops.
where most of us work, can't
afford it. They pay for apprentice
training, but that's a."

So Potts got an okay from his
boss to see about CNC training.
and went on to Hurco Manufactur-
ing to get some advice. Hurco.
known m the area (or good training
on its high-tech machines, got
involved right away. One obstacle
Potts saw was academic credits:
most employers wouldn't pay for
training apprentices and others
without them. No problem: Hurco
had an educational partner. ivy
Tech (Indiana Vocational Techni-
cal College). If he could find the
students, Ivy Tech would create
the courses they wanted. and the

pattern makers would
be on their way to com-
puter literacy (and Ivy
Tech credits).

Potts did. Courses
take up a good chunk
of tune-eight hours
a week for 16 weeks.
Students often bong
in a part from the
shop as an exercise
for the night class.
Potts' boss and 29
other people have
taken CNC, and can
choose introductory orLae POI= M. I row IWO MIMI
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level we find the technicians and
operators. The "herd" of unskilled
will keep shrinking as we approach
the factc7 of the future.

Purdue's Bruce has worked out a
four-level arrangement similar to
Duderstadt's and Ford's vision. MEs
will give over their production sup-
port and supervisory role to techni-
cians. Jobs such as maintenance and
production supervision, requiring
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high levels of technical competence.
will be filled by people with technol-
ogy or engineering degrees, by tech-
nical school graduates, or by gradu-
ates of advanced apprentice training
programs. Technicians will be much
more sophisticated than they are
today. Duderstadt predicts, and
machine maintenance will require
four-year technology training.

What about the herd of hourlies? If

advanced CAD/CAM.
MasterCAM, and
Cad Key.

How do you keep up
when your skills are
ahead of your job?
Potts bought a 386 -
based PC to work on
CAD/CAM programs
at home. At age 36 one
of the youngest mem-
bers of his craft union.
he's going for the long
term: "Ten years down
the line I see myself in
a room with a CAD/
CAM system, a milling machine
and maybe a !,,the behind me. and
my toolbox."

Margaret A. 'oraewski was
at college studying to be a music
teacher when she got married. had
four kids, and left the labor force.
When she divorced and needed a
job to support the family (the
youngest is five. the oldest 12).
she knew teaching wouldn't do it.
So she went to the public library
and took out a book of occupa-
tions. Industrial engineering
caught her eye, she says, because
it had computers and a la of con-
tact with people.

Now she's in the CIM Manu-
facturing Technology program at
IUP along with Teresa Browning.
Like Browning, she's a Myrtle and
Earl Walker SME scholar. Work-
ing in plants as a student has been
very important to her: "It's one
thing to read about manufacturing,
another to see it working. I'm
amazed at how much I've learned in
two months as a co-op at Alison
Transmission."

Any advantages to being a "new

Peg Toratasslik fY ear le alms Ile milks U.

inejoetty" member? Her age gives
her more confidence aral experience

dealing with people, she says: "I
don't pretend I know everything, bite
some supervisors fresh out al sctooL
I take everyone's dean seriously, and
let them [mow I do." When cora=
occur in her workcel, she says, she
can draw on experience: "When you
have kids, you become a mediator."

The MT degree gives choices.
"When I graduate I could hire in us
a manufacturing engineer or an
industrial engineer or a quality
control engineer." But she's not
looking for the fast track. She'd
like to work her way up the engi-
neering levels and then think about
management. "I've heard that
technology and the MBA make a
good combination," she says.
"But I don't want to lose touch
with the floor. I'm not a paper
pusher. Some women students
say they're hired to use their
brains, not fix machines. I'm dif-
ferent. If there's a problem, I want
to get my hands in it. Thl floor is
where the action is. and that's
where I want to be."

pr l
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Ford has its way (and whether it does
depends on the supply of labor), all
such workers will have two-year
associates' degrees in technology. as
they do in Japanese auto plants.
Duderstadt goes farther: such
degrees will be requirements. not
goals. "It's hard to imagine a manu-
facturer in the late '90s not requiring
two-year degrees so all workers are
up to speed in math and statistics."

Eitetwockti Sbortses:
CAN Of COO?

Readers watching the public hand-
wringing over the shortage of engi-
neers may conclude, "Not to worr."
Engineers are so scarce they'll have
a job as long as they want. skills or no
skills. These know-it-alls are m for a
shock in the next decade.

"I wish there were a shortage of
engineers." says Joseph Coates. who
studies future trends in technology
from Washington. DC, for several
engineering and professional groups.
"If there were. employers would
have to give the engineers they have
now all the technology and education
they need to upgrade their skills and
effectiveness. And that, in turn.
would mean corporations were in the
process of raooling to get in com-
petitive shape."

Unfortunately, says Coates.
there's no evidence this is happening.
The laws of supply and demand have
not been repealed. The flat salaries of
engineers over the last decade mean
the commodity is plentiful. There's
another indicator too. A shortage
would mean the best and brightest
technical personnel from around the
world, especially from eastern
Europe and the Soviet Union. would
flow into the US. "Their economic
expectations will be unmet over the
next five to seven years, and they'll
move." Coates predicts. "If they see
a shortage here, the US will become
their preferred first stop."

When you hear talk about short-
ages, he says. look at who's talking.
Are they "people with a direct or
indirect interest in a shortage" staff
at the National Science Foundation or
the National Academy of Sciences,
the engineering faculties, the profes-
sional societies? We don't hear talk
about shortage from one group the
unemployed engineers."

Shortage talk is most trouble-
some. says Coates. because it
"diverts groups like the engineering
*mews from serving their members
on what everyone agrees is the most
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important issue
that exists today
technological
obsolescence '

Lawrence P
Grayson acting

director, postsecondary staff US
Department of Education, told
NACME last summer that when
starting salaries for engineers
haven't gone up in 30 years, and
companies are hiring fewer of them.
it would be sensible to conclude
industry is not concerned about
shortage He. like Coates. thinks the
shortage talk distracts attention from
important problems like making bet-
ter use of the engineers we have

When the Subcommittee on Sci-
ence. Space, and Technology of the
US House of Representatives held
hearings on the supply of engineers
and scientists last July R A Ellis.
director of manpower studies at the
Engineering Manpower Commission,
testified there were serious prob-
lems with the numbers. Neither the
federal government nor agencies like
his really know much about supply
and demand for technical profession-
als, he said.

The data from the Bureau of Labor
Statistics conflict with the data from
the National Science Foundation.
When numbers for all groups of engi-
neers are presented together, or
numbers for some subgroup are pre-
sented as though they represent a
general pattern, journalists report
-shortages of science and engineer-
ing faculty, surpluses of older work-
ers in industry. spot shortages of new
graduates in hot fields like environ-
mental or manufacturing engineer-
ing, and surpluses of graduates in
other fields." One group shouts
"Shortage!" while another screams
"Surplus!" Both may be right in a
given case, says Ellis. but they're not
talking about the same things.

He, like Coates and Grayson pre-
fers to rely on the laws of supply and
demand. Real shortages should make
the cost of engineering services rise.
Instead, engineering salaries
reached their peak in the late Vs.
Ellis finished demolishing the short-
age notion by reminding subcommit-
tee members that mainstream eco-
nomic thought assumes the
equilibrium of supply and demand.
Thus shortages and surpluses of
technical workers are nonsensical
concepts.

In short. if you're short on skills.
don't count on the shortage!

GO
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&Schools Shim hfi nufacturfnt

A nowt money of the top ZS US
bulmes schools, conducted by
Fujitsu America. Inc- (San Jose.
CA), dine-beads renewed emplia-
sinonmenuficturingonthepartof
MBA. students- "Dramatic
charges in manufacturing have
*warred. on the academic side."'
says Professor Steven Wheel-
wright, UCLA. "The number of
schools interested in production
or operations is increasing signif-
icantly, along with student enroll-
ment and academic staffing."

The study found business
schools adding manufacturing
courses in response to student
interest. Some 83% of the respon-
dents offer a manufacturing cur-
riculum in '91-92. compared to
43% five years ago. Sixty-one per-
cent offer a manufacturing/opera-
tions management concentration
or major, compared to 48% five
years ago. The number of faculty
teaching manufacturing courses
increased at 48% of the schools.

Eighty-three percent reported
increased student enrollment in
manufacturinvoperations man-
agement. And in 56% of the
schools. recruitment of MBAs into
manufacturing increased while it
dropped in many other fields.
Eighty-seven percent of the
schools report more students find-
ing jobs in manufacturing than they
did five years ago.

Respondents see the following

numsfactsiting trends in the '90s
*et Global Developments.

Larger companies will acquire and
work with smaller, specialty shops
worldwide to enter and capture
niche markets. Engineering know-
how will diffuse rapidly across
national borders.

Flexibility. Large-volume
products will continue giving way
to customised products.

Admired Automation. Large
and small factories will automate
to satisfy customer requirements.

Short-Cycle Production
Reduced design-todelivery
cycles will allow gearing produc
boo to customer demand for less
surplus and overhead.

Management Style Changes.
Multifunctional teams will reduce
bureaucracy and increase worker
responsibility.

Customized Logistics. Tech-
nology will allow greater coordi-
nation and efficiency throughout
the logistics chain. from order to
delivery.

Design for Manvfactunng.
Knowledge of manufacturing sys-
tem capabilities and limitations will
continue to be systematized and
incorporated into decision making .

during product design.
Quality Management and

Control. Competitiveness will be
determined by instituting total
quality control management in every
step of the organisation.
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FUTURE VIEW
WHO NEEDS GOVERNMENT?

ince the US has no national
industrial policy, manufac-
turers are taking matters
into their own hands by par -
ticipating in not-for-profit

consortia for collaborative research
to cut R&D costs. And now, at the
urging of the Department of Com-
merce. they are taking their efforts a
step further by forming a consortium
of consortia called the International
Center for Manufacturing Sciences
Ann Arbor, MI).

"While there are unique aspects to
each consortium's R&D agenda,
there is also a great deal of overlap,
which you might expect since auto-
motive, aerospace, and semiconduc-
tor manufacturers run into some of
the same problems." explains Stephen
Ricketts. ICMS vice president of
research. "Members like General
Motors participate in several research
consortia and are repeating projects
four or five times."

ICMS began as a partnership
between the National Center for
Manufacturing Sciences (Ann Arbor.
MI) and the Microelectronics Com-
puter Technology Consortium (MCC
in Austin. Tn. but organizers hope
to attract more partners, such as
Sernatech. CAM-I, and the Industrial
Technology Institute. The umbrella
organization will coordinate the
domestic and international agendas of
its members. Talks are currently
under way.

The CEOs and executive vice
presidents of these consortia have
agreed in principle to eliminate
redundant projects by leveraging
their resources. For example. MCC.
NCMS, CAM-I. and Sematech all had
enterprise integration activities.
"Rather than each continuing on its

U
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individual path." offers Ricketts.
"MCC won a large contract from the
Air Force. and all of the consortia will
work under MCC in that effort." He
estimates a savings of approximately
$3S million in '92.

Another reason the DoC encour-
aged forming ICMS is to create an
industry-based organization that can
orchestrate the US share of research
into the international Intelligent Man-
ufacturing System (IMS) project and
commercialize the results. Japan's
Ministry of International Trade and
Industry (MITI) proposed IMS to
DoC in 1990. Originally. MITI had
budgeted $1 billion over 10 years to
split amongJapan. US. and Europe to
do collaborative research. After a
series of trilateral meetings, how-
ever, Europe and the US decided to
fund their own activities to preclude
ownership disputes.

Now there are six participants: the
European Community (EC). the
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European Free
Trade Associa-
tion. Canada. Aus-
tralia. the US. and
Japan. Each par-
ticipating region

will select five members for each of
the three committees governing
IMS: the international steering. tech-
nical. and intellectual property nghts
committees. As the US secretariat.
DoC will appoint three representa-
tives from Industry, one from
academia, and one from
government to each corn-
nuttee to fill the US seats.
It hopes to launch the US
effort sometime next
month.

While other groups
organize, Japan's IMS
Promotion Center is pro-
ceeding with projects it
hopes will entice foreign
companies to get involved.
There are snags in many
countrtes. however Some
CS companies have con-
cerns about entangle-
ments with government
bureaucrats who do not
anderstand manufac-
turing's needs "IMS
comes with rules and reg-
ulations." says Ricketts.
"Many members want to
participate in international
research but not necessar-
ily under those same
terms. Europeans are
concerned about getting
involved in precision
machining with the Japa-
nese. They feel they have
some of the best machine
technology available any-
where and don't want to
give rely their competi-
tive edge."

The parties also disagree on how
to focus the project The Japanese
want to standardize the key manu-
facturing processes and systematize
them. which means dividing those
processes into autonomous machine
components that can organize them-
selves to do a task. The Europeans.
however, have taken a shorter-term.
different view and want to add more
automation to today's technology In
fact. they call the project the Future
Generation Manufacturing System
program. "Americans are some-
where in the middle. knowing that
there are many autonomous artifi-
cially intelligent machines and sys-
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tems that most be developed." notes
Ricketts. "but we don't mote have
the clarity the Japanese have.-

Military Taps Private fv,wa
The pnvate sector is not the only

beneficiary of research consortia.
For example. the US Army Missile
Command t MICOM) its Research.
Development. and Engineering Cen-
ter's Manufacturing Technology
Divisionrecently joined the Fuller
E. Callaway. Jr.. Manufacturing

Fl

"<"-.41111

gia Tech programs. MICOM now has
a Si million resource. whicn is we
times its own investment.

MICOM wants better flexible
manufacturing systems for missile
electronics. which includes sensor-
component fabrication and assembly.
'What they are doing at MARC is
directly related to our interests.
says Davis. "They're Involved not
just in basic research but also ,n
developing new manutactunng pro-
cesses and equipment. Being a con-

sortium member will
greatly enhance our wont
in microelectronics area
photonics arm will 'trip
reduce tuture Arm:
weapon production costs
It will also provide another
opportunity for rapidly
inserting new technology'
into military systems.

When MARC demon-
strates a new technology
in its pilot factors. mem-
ber companies arm the
graduate stunents work-
ing on the project can
st ow to put tha. proven
technology into produc-
tion. From this collabora-
tion. Davis also hopes pri-
vate industry will learn
how to make military and
commercial products on
the same line Transter-
ring new technology and
creating capacity for mili-
tary projects on pnvate-
sector production Imes
will broaden the defense
production base and. ultr
mutely. reduce weapons
cost.

Dr Michael J Kelly.
MARC's new director.
says the center encour-

ages cooperation and interaction
across a range of disciplines at Geor-
gia Tech and industry By providing
neutral environment open to all the
applicable disciplines. the center can
foster the cooperation necessary to
tackle tough problems. While
research is one of the Center's pn-
mary goals, Kelly believes the pro-
gram can also aid industry by edu-
cating a new generation of broadly
based engineers and scientists who
can take a "systems approach" to
manufacturing.

Can Your Wanton Agent
Most university-industry activi-

ties involve Fortune 500 companies.

:

4

akeetar nsU mileammt Cote* Task's litriadeetwies
Caelar's amid aeralmr, fM Army's Mak

Gamma& MO sopport from awartat emassies and a $15
alias gnat from do SUM e4 gawita. the Itila esasarlare
mar* Milt a 1211,0011-le leiaratery ate Oita balialatt.

64

Research Center (MARC) at the
Georgia Institute of Technology
(Atlanta) Born in 1987. MARC spe-
cializes in developing advanced man-
ufacturing processes for the elec-
tronics industry.

"With money so tight now in the
Department of Defense, we must
take advantage of every opportunity
to get more for our money," explains
John Davis. chief, MICOM Manufac-
turing Technology Division. His
operation will leverage its research
funds with those from four other con-
sortia members: Motorola, IBM.
Digital Equipment Corp.. and Ford
Motor Co.'s Electronics Division.
Besides more access to related Geor-
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Even community colleges chase big
companies to balance their budgets.
No one bothered training a few peo-
ple in small local machine shops. But
shops like these fabricate the prod-
ucts that Fortune 500 firms design.
assemble. distribute, and service.
These 350.000 small US manufactur-
ers supply about 60% of the domestic
components and employ -wt 50% of
manufacturing workers. Ana 85% of
those manufacturers have less than
50 employees.

To intuse advanced technology
into these firms that constitute the
infrastructure of US manufacturing.
the NC sponsors five manufacturing
technology centers through the
National Institute of Standards and
Technology (Gaithersburg, MDI.
These centers help small to medium
manutacturers improve competitive-
ness by providing technical assis-
tance and training. NISI hopes to
start three more later this year.

Rensselaer Polytechnic Institute
Troy. NY) was one of the first uni-

versities to establish a cooperative
program with manufacturing compa-
nies. In 1979. it opened its Center for
Manufacturing Productivity and
Technology Transfer to bong large
companies together to deal with com-
mon technology problems. Now the
center also runs the Northeast Man-
ufacturing Technology Center
iNEMTC). which became one of the
original three NIST manufacturing
technology centers in January 1988.

From a building that houses six
other manufacturing research cen-
ters on campus. NEMTC typically
services the New England states plus
New York. New Jersey. and Penn-
sylvania. "NEMTC concentrates on
systems integration problems in
small to medium manufacturers that
cut, bend, or mold materials to make
parts." says Gene R. Simons.
NEMTC director "So other (NISI)
centers refer companies to us if we
have the expertise...

NEMTC also gets referrals from
state industrial extension agents.
who work much like the old agricul-
tural extension agents. New York.
for example, runs its extension ser-
vice through the New York State
Science and Technology Foundation.
"In New York and, to a limited
extent, in some other states. indus-
trial extension agents visit local com-
panies to determine their needs and
steer them to the right programs."
says Simons. "If it's a technical prob-
lem. they usually refer them to us. If
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A Glimpse at Collaborative
Manufacturing R&D in the EC

The European Community (EC)
has not been idle as Japanese and
US firms team up with universities
to leverage research hinds. Eureka -
Famos, the EC's R&D program. is
spending 6.8 million pounds on an
into ,rated flexible assembly cell
technology, called 1nFACT It has
organized 10 participants in Aus-
tria. France. Italy. and the UK,
including Bristol Polytechnic in
western England.

The approach is based on the
concept of genera assembly. Up
to 80% of all assembly operations
are common to all assembly tasks.
while only 20% are product spe-
cific. By merging these common
processes into one system. In-
FACT can quickly change over to
accommodate many families of
assemblies. alleviating worries
about high investment costs and
fluctuating demand.

In the past. traditional robot
technology has been too expen-
sive or too inflexible. Researchers
hope to overcome that problem

with a transputer, a British-
designed computer on a chip
Linked together to for a power-
ful parallel processing controller.
transputers can do many functions
simultaneously, which is neces-
sary for integrating matenals han-
dling, parts presentation. and
parts manipulation. Conventional
controllers with such functionality
would be three times more costly

A pilot plant (photo; is assem-
bling a variety of demonstration
products. ranging from electrical
connectors to model railway wag-
ons. The machine has two gantry
robot manipulators mounted
above work zones and uses a com-
mon palletized material handling
system. Linear vibratory feeders
deliver small components or piece
parts into the work zones. Users
wanting to assemble new products
simply fabricate product-specific
tooling and fixtures (only 5-10% of
the machine cost) and modify
assembly instructions with a
menu-driven package.

the company doesn't have CAD, we
help them get it. If it has CAD. we
help them link it to NC equipment."

One NEMTC client (in Buffalo)
controls 60% of the small market
supplying automobile wheel locks to
the Big Three and the Japanese
transplants. The locks are round lug

MANUFACTURING ENGINEERING AMWAY 1992

nuts with a clover leaf pattern cut on
the faces. The nuts foil thieves who
do not have the matching wrench that
fits the pattern. But the nuts caused
problems for more than potential
thieves.

The firm sends batches of nuts
with mixed patterns to its in-house
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plating and heat-
treating opera-
tions because vol.
ume of any one
pattern was too
small to Justify

processing segregated lots. After-
ward, the tedious task of sorting four
identical nuts and packing them in an
envelope with the correct wrench
wasted one of the firm's most scarce
resources, skilled employees. The
alternative, sorting with machine
vision. was expensive because the
pattern had no reference point and
required a factorial sort. which is a
lengthy comparison. Quotes for such
systems ran between $250.000 and
S300.000.

Through NEMTC, however, the
firm got a simpler and much less
expensive option based on a $1100
high-resolution camera and a 386 -
based PC. "A graduate student work-
mg on a similar problem developed an
algorithm for a PC rather than a high-
speed computer. which was much of
the cost." recalls Simons. "When
they finish. their investment in the
vision system will be less than
$25.000 and the material handling
system another 550.000, which is

U

roughly a third of what they would
have otherwise spent."

Suisse Pewee
To provide services. NEMTC

uses 18 students for field projects
and work in the demonstration facility
and relies on a pool of faculty mem-
bers to provide technical assistance.
"Some of the most successful
projects put students in a company
for three to six months." says
Simons. "Students love these projects
because they get far more authority
than they would on typical co-op
assignments, and small companies
are much more receptive to student
help than large manufacturers. In
most cases. it's the first time a small
company has had [input from] a
trained engineer fa Junior or sensor)."

At one New York company using
its second intern. the student is help-
ing staff bring in a product formerly
made in the firm's small German sub-
sidiary. Originally. his job was to
convert CAD drawings, but he
quickly found himself writing manu-
facturing instructions and helping set
up the line.

Besides placing "traditional" engi-
neering students. NEMTC tries

spreading more trained students
throughout industry by training
employees of small companies through a
network of 17 community colleges in
Its service region. It established this
network because local training in a
reasonable travel distance is the
cheapest, most practical way to oper-
ate. NEMTC provides the course-
ware and trains the community. col-
lege faculty to use it.

On typical projects. NEMTC
hinds half the training and trnplemen-
Linen costs: recipients hind the other
half and must buy the hardware them-
selves. Of NEMTC's 1991 S6 million
budget, half came from the federal
government and a quarter from var-
ious state programs. The remainder
came from fees and large-company
contributions. "There is no standard
formula for funding a project." says
Simons. "If we're working with a
group of suppliers to a large com-
pany, for example, that company may
subsidize the activities with its sup-
pliers. If we're working with a com-
pany in New York. the state might
provide part of the funding."

Simons believes the program's
future depends on Fortune 500 com-
panies adopting supplier develop-
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machine taps, you can increase
productivity by reducing un-
necessary, unproductive set up
time. That means your machines
will be running longer while
providing high quality clean
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lowest cost per hole. And that's
hole, after hale, after hole.

Quality In Depth.
Designed to pro-
duce class 2B
or 3B threads in
any material ...
Every EMUGE
tap is the result
of the world's most advanced
engineering, unmatched first-hand
shop floor knowledge, and our pro-
prietary use of unique alloys and
tap geometries. We can help you
with your needs from stock. if not
just ask one of our skilled sales

engineers for on-site help with
your specific needs.

Take Your Own Word
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Test-A-Tap program. Put
one or more to the test
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R&D Consortia
CAM-I. Arlington, TX it117)

860-1654
Manufacturing Research Cen-

ter, Georgia Institute of Technol-
ogy. Atlanta (404) 894-3444

Microelectronics Computer
Technology Consortium. Austin.
TX (512) 343-0978

National Center for Manufac-
turing Sciences, Ann Arbor, MI
(313) 995-0300

7F.

lisantscritring
lloilmlagyeamer,KansasiTech-

At-oeiaprliatarrmseCorp., Topeka.
(913) 296-5272

"ligeldlworle11111bodbegiswiage
Tadashi? Coign Illogssior-
Ptilyeschie Doei&O/4 Tarr. 14E
(5158 27628OS

SowbortMusEscturingTedt-
color, Center. University of
South Carolina, Columbia, SC
(803) 777-7053

Great Lakes Manufacturing
Technology Center, Cleveland
Advanced Manufacturing Pro-
gram. Cleveland (216) 987 -3200

Midwest Manufacturing Tech-
nology Center. Industrial Tech-
nology Institute. Ann Arbir-. MI
(313) 769-4000

Odor Samoan
Delaware Valley Industrial

Resource Center, Philadelphia
(215) 464-8550

Ittisois Institute of Technology
Research Institute. Chicago (312)
567-4384

Institute of Advanced Manufac-
turing Sciences. Cincinnati (513)
948-2000

Oregon Advanced Technology
Center, Wilsonville, OR (503)
657-6958 Ext. 4609

ment strategies rather than adhering
to vendor certification practices. In
vendor certification. firms demand a
certain amount of compliance to a
quality standard and base their con-
tracts accordingly. Supplier develop-
ment means large companies get to
know their suppliers process capa-
bilities and financesnot lust the
parts they shipso they can help

strengthen them. "Firms like
Motorola. Xerox. IBM, and Digital
are developing relationships much
like those that most Japanese manu-
facturers have with their suppliers."
he notes.

He also points out that defining a
US company is becoming increasingly
difficult for consortia and industry-
university cooperatives. "Many

MANUFACTURING ENGINIININGMNUARY 1/42
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foreign-owned firms in the US wan
to participate in these programs." he
says. "A few key Japanese companies
are making noises about getting
involved in major university pro-
grams in the US, and some already
have. There will be many interesting
decisions over the coming years.
with sonic programs getting involved
in international ownership."
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FUTURE VIEW
A GAME OF MUSICAL FACTORIES

magine working for a large
Midwestern job shop in 2002.
when concurrent engineering
is not a buzzword but the life-
blood of the organization A

Japanese design engineering firm you
'requently do business with has just
landed a kmrauve project from a Euro-
pean marketing consulting group and in
shopping electronically for produc'
non capacity Since si i an deliver
that capacity at the right price. you
win the contract and the race is on to
bring to market what promises to be
the next rage m the US

Engineers from the design firm
and 011 shop begin working together
immediately but without leaving the
workstations in their offices By sirn'
ply dialing the phone they ian talk to
each ither and share the same corn.
outer screen in real time During
their discussions. they point at tot
y ai Wed points with Arrows and circle
a sci ton it a omelet I n surface

that needs modification. Electronic
mail messages containing color
images and voice also expedite com-
munications over time tones.

The concurrent-engineering effort
is sot limited to engineers. however.
The marketing group offers its input
after reviewing a 3-D. tangible pro-
totype it received by fax. Once the
product reaches the end of its life
cycle. the partners dissolve their
'virtual factory" and move on to new
projects with other partners. Virtual
connections are electronic linkages
rather than faceto-face meetings or
paper drawings

This is how the International Cem
ter for Manufacturing Sciences (Ann
Arbor. Mil and Lehigh University
Bethlehem. PA) see manufacturing

in the next millennium. The process
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of manufacturing will become a com-
modity with a lot of fairly standard
manufacturing capability scattered all
over the world. predicts Stephen
Ricketts. vice president of research.
'CMS Traditional factories with
engineering, manufacturing. and
marketing departments will become
less important and might eventually
fade away Outsourcing taken to the
extreme will allow specialty compa-
nies to flourish and replace those
departments.

"Product will be built to order
more than shipped from inventory."
Ricketts continues. "Products will
have a standard component. but
much will be built to the purchaser's
unique tastes. The emphasis will be
Oct antacrpatmg market trends because
the value of manufactured goods will
come more from design and market
tog the hard-to-hold parts of manu
factoring. If indeed manufacturing
evolves that way. the US may be in

!crl
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a good position to
exploit it, more so
than any other
country."

John Mazzola
president. Urn-

graphics Divnion, Electronic Data Sys-
tems (St. Lows)agrees, pointing out
that the President's Council on Com-
petitiveness says the US still leads
many critical tec' no!ogies and pro-
cesses to make t it happen.

Meet Fattortor an the Mee
"In the future." Mazzola predicts,

"human networks of many people will
collaborate in a global enterprise.
which is the company and its suppli-
ers. customers, and partners.
Projects will be defined digitally. For
example, the design will be a digital
model, and the analysis will be on that
digital representation. The model will
also drive manufactunng and the
logistic support network."

He admits industry is a long way
from virtual factories but notes it is
beginning to lay the necessary foun-
dation. "Manufactunng is already
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becoming international." he says.
"When building an airplane, for exam-
ple. you might make the wings in
Taiwan and the landing gear in Can-
ada. The design work might be 'a the
US and France. Physical separation is
less of a consideration because of the
economic incentives to use a partic-
ular distant supplier. Boeing on its
777, McDonnell Douglas on the MD-
12. and the automotive manufactur-
ers are doing more of this collabora-
tive work and embracing concepts
like concurrent engineering."

But worldwide electronic collabo-
ration is on a small portion of product
and on a pilot basis. The bamer to
widespread practice is suppliers can-
not connect electronically to the dig-
ital model. "After 30-40 years, we
can't even get people networked on
alphanumeric data, let alone or. a
digital model." Muzola 7omts out.

The digital models shared in
tomorrow's virtual factories must
define an assembled product, not just
one part. They will represent and
manage all parts in an automobile or
airplane and be robust enough to

combine many parts from several
sources into the product. More than
3-D graphics. these models will be
mathematically correct for heat.
structural, and other analyses and for
manufacturing.

Imagine an airplane company
building an electronic model of a
whole airplane and watching it per-
form in an electronic wind tunnel
Such dynamic simulations are more
complex than static simulations like
structural dynamics. As software
becomes more sophisticated and
hardware becomes faster, however.
the more practical it becomes to sim-
ulate for immediate feedback without
having to build prototypes and test
them. Simulations will compress time
to market and create more reliable
designs.

Rapid prototyping devices, which
make faxing physical models possi-
ble. are one way industry already
exploits digital models (on single
parts, not complex assemblies;
These machines divide the model into
layers and use that data to build a
polymer part layer by layer "Once

Challenges Facing Manufacturing
MANUFACTURING ENGINEERING asked a select
group from SME's College of Fellows and recipients of
SME's Young Manufacturing E. er Award to spec-
ulate on the issues facing manufactunng during the
next decade. Here are excerpts from the comments of
these industry leaders:

QWhat WIN the ntanufeeturIng
enterprise look Re In 2002?

Seiuemon Inaba. PhD. president and CEO. Fanuc
Ltd. (Yamahashi, Japan):

Today, we have FMSs (flexible manufacturing sys-
tems) that started as FA (factory automation) and are
in the process of evolving into CIM (computer-
integrated manufacturing). In 2002. I believe the IMS
(intelligent manufacturing system) will be realized.
With its harmony of machines and human beings. !MS
enables the integration of manufacturing

Jack L. Ferrell. manufactunng vice president
(retired). TRW.

We will see networks of alliances among suppliers.
producers, customers. and competitors. Entities will
form cooperative links to transfer information and
data, and use one another's facilities. production
equipment, and proprietary knowledge to bong prod-
ucts to market efficiently This may lead to "virtual
companies." quickly formed to implement a particular
marketing strategy Increased computerized process
modeling will mitigate the need for pilot plants, lengthy
process trials. and redesign and debugging of new

processes and equipment.
The following is more a wish than a prophecy:

Manufacturing engineers will be absolutely certain that
their processes can meet design specifications all the
tune. Product designers will comprehend the real
consequences scrap rework. customer dissatisfac-
tion) incurred when tolerances are wishes rather than
true requirements. Furthermore, both parties will
continually work toward a process that does not var.:
from the mean dimension of a tolerance. Dr Taguchi
will be proven correct: Society as a whole benefits
from the reduction of vanation.

Edward S. Roth. president, Productivity Services
Inc. (Albuquerque. NM):

Only smaller. entrepreneurial companies that simul
taneously design products, production processes, and
quality systems using CAE will be in manufacturing in
2002. They will consist of teams of career-path inter-
disciplinary specialists (engineers, fixture designers.
machinists, tecluumans, purchasing agents) who will
design product, process, and quality systems to ANSI
Y14.5. ISO/TC 10. and ISO 9000 International stan-
dards. These teams will identify and remove all
sources of process variation by concurrently designing
parts and fixtures as sets of functionally interrelated
products. Engineering changes and middle managers
will cease to interfere with the fasttracking of new
product Both will disappear in the successful.
European-Community-onented manufacturing enter-
prise of the year 2002.
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you create a digital model."
observes Mazzola. "you're
in the position to transmit it
any place in the world for
review and manufacturing.
Imagine what that wit mean
for a company's flexibility. If
a machine goes down. you
fax the definition someplace
else and make it there. You
compete not on location but
on cost."

To make that vision a
reality. computers will need
more parallel processing,
high DO capacities, and large
MIPS !millions of instruc-
tions per second( ratings.
more than what we can imag-
ine Pd>ii "These digital
moods will bring even
70-80-MIPS workstations
to their knees." explains
Mazzola. "Remember, lust
rotating an exact mathemat-
ical definition takes tremen-
dous capacity. That and
handling all the part configurations
is an awesome data-management and
computing problem."

Experts believe tomorrow's com-
puters will be up to the challenge.
though. In fact many predict manu-
facturers will he able to afford what-
ever computing power they need.
"Simulating a factory on a super-
computer. for example. is affordable
now." claim' Dan L. Shunk. PhD.
who is both chairman. Computer and
Automated Systems Association of
SME. and director. CM Systems
Research Center. Arizona State Uni-
versity (Tempe). "To run our detailed
factory simulation. w All our cam-
pus Cray from workstations in our
offices. where we've modeled the
factory, loaded the data. and
vectonzed the program. The Cray
does the number crunching."

The puce - performance ratings of
RISC workstations have doubled
approximately every year and a half.
A manufacturing task requiring a SIO
million Cray supercomputer IC years
ago would have had difficulty showing
a return on investment. Today. that
same task might run on a 5100.000
RISC multiprocessing box, and in two
or three years. it might run on a
5l5.000 desktop.

"Because computer power wilt
become so cheap. optimization will
not be something kept in the back
room for industrial engineers to do
once a year.- predicts Robert
Lliflord. CIM manager. Sun Micro-
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Systems Computer Corp. Mountain
View. CA). "Companies will optimize
their manufacturing lines minute by
minute. reoptimizing schedules
every time machines go down. And
rather than evaluating alternatives in
the production schedule weekly, they
can run it 20-30 times in the last
couple of hours of the day to find the
best schedule. They might even ship
another 10.000 units and make the
company more money."

Nemo: The Saw
The infrastructure for transmit-

ting information dynamically from one
functional unit to another will be the
virtual factory's spinal cord. "If
you're working in a dynamic world.
your communications most also be
dynamic." says Michael Galane.
director. strategic consulting, Hewlett-
Packard Co. (Palo Alto. CAI. "You
can't afford to have dedicated wiring
to every place you might be doing
business. Proprietary networks use
coaxial cable. which has a high band-
width for carrying much information.
The trouble is. you can't use coax to
link the world because it's too expen-
sive and switching is inconvenient."

Galane believes manufacturers
will adopt the most popular and prev-
alent communications network in the
world: the telephone system. In fact.
many site-to-site transmissions
already travel by phone "Phone lines
are just about everywhere and are
continuing to grow," he says. "Once
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you connect to the telephone
network (that is. get a phone
number. you can reach any

the phone system
goes. We will not see
many dedicated or propri-
etary communication lines in
the future because of the
incredible flexibility that
phone lines will offer

Most long-distance corn-
ers have been investing
heavily in fiber-optic lines as
they convert to digital tech-
nology. Like traditional
coaxial cable. the bandwidth
of fiber -optic lines is hien
enough to transmit large
amounts of digital multime-
dia information. such as
oice. alphanumeric. image
and video data. As abet
optics come on-line. the
phone system's reliability
will continue to increase

To explain the impact of
plugging computers or con-

[rollers into a telephone system.
Galane offers this analogy' Imagine a
reasonably large house with cable
television in several rooms. Moving
the cable service to different rooms
requires stringing dedicated wire and
means leaving or removing an unused
line. Contrast that with the conve-
nience of having a phone lack in earn
room and plugging into one when you
need it. In fact, many firms already
use phones to link their PCs to other
computers. whether in the same
building or across the country.

"Real-time control applications
obviously will need dedicated lines
because they cannot wait the seconds
required to dial up a line." Galane
admits. "But for a line with much less
utilization. a dynamic network like
the phone system. which allows dial-
ing other devices and transmitting
information as required, is an attrac-
tive, inexpensive way to network

For this reason he doubts whether
the Manufacturing Automation Pro-
tocol (MAP) will survive. "Sure.
MAP will be around awhile; so will
baud bus and the Allen-Bradley data
highway," he says. "But in 10 years.
if MAP doesn't grow to include much
faster information transfer (such as
for video). it will become less impor-
tant. As we approach the year 2.002
why would a standard developed in
the early '80s be more pervasive than
a standard that is much more dynamic
with ever-Increasing bandwidth'
Why would users string dedicated
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lines when they
could lust plug
devices into a
phone sack?"

"MAP has 5%
of the factory net-

working market ." adds Sun's
Clifford. "and forecasts say it will
have 5% throughout its fife. It never
took off partially because it is difficult
and expensive to implement. Expen-
sive technology might be okay for
General Motors. but most of the
world can't afford it. In the real
world. most people use DECnet or
TCP'IP (the Unix standard) on
Ethernet. Many users run MMS
i manufacturing messaging serncel.
the key part of MAP. on Ethernet to
cut costs." He also sees proprietary
networks dying because they lock
users into one vendor's hardware,
which cannot work in an open sys-
tems world.

CASA's Shunk disagrees with the
proposition that MAP is failing.
"MAP isn't withering away," he
insists. -Rather. people are migrat-
ing back to simple layer one and layer
two . Ethernet and TCP'1P) in the
seven-layer OSI communications.
Elements of MAP MMS, for exam-
pie will become a national, maybe
even an international. standard for
communications."

He notes that the Japanese have
modified some layers within the MAP
architecture and are aggressively
pursuing it. -They've gone with a
simple layer one and layer two." he
says. -but they believe in the ngor.
MAP is not dead; it's lust another
option for supporting your overall
business strategy

Computers Mimic the Brain
No matter what the virtual com-

munications network looks like, the
computers it conno,ts will bombard
people with much ,nore information
than they can digest. Many experts
predict that neural networks could
sift out the important information and
help those people make recommen-
dations.

"In the early years of artificial
intelligence, people laughed at fuzzy
logic and neural networks because of
their probabilistic natures.- notes
Shunk "But there's been a quiet
revolution. We realize that the world
is not black and white, it has shades
of gray Fuzzy logic and neural net-
works are suddenly now of tutor
interest

"The human mind is a probabilistic
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neural network. not a deterministic
expert system. Just as the eye and
brain work together. neural net-
works can make decisions from sen-
sory percepon." That means a
neural-network-based computer
does not resemble today's digital
computers. Digital computers can
simulate them. but they work very
differently.

Conventional logical tparametncl
programming requires engineers to
define finite responses for every kind
of input, which requires a tremen-
dous amount of detailed testing. Log-
ical processes are very procedural
and sequential. Neural networks are
different in that they mimic the cog-
nitive capabilities of the brain. "Rec-
ognizing your mother, for example. is
a cognitive operation and different
from a logicai process of executing
sequential steps.' says HP's Galane.
"You look and recognize her within
fractions of a second."

Cognitive activities require much
parallel processing to come to a con-
clusion rapidly. To do so, neural net-
works can have thousands and even
millions of building-block compo-
nents Like the brain's neurons, how
these building blocks connect to each
other determines the system's
response. Users "train" neural net-
works instead of programming them
in the traditional sense. They feed
the networks some sort of
sensory input and tell them

I
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what the appropriate response
should be. The networks make the
appropriate connections to deliver
the proper response.

Much of today's work has been in
software and tends to be slow. sey
etal companies. many Japanese. are
developing hardware chips that con-
tam large neural networks. which will
speed them up tremendously For
example. 50 building blocks yield
decisions of a certain quality But
50.000 offer much better cognitive
capability. Thu amount of refinement
required for a decision determines
the number of neurons. or building
blocks. needed.

"Digital computers are goon at
sequential processing and will :,:n
tinue to get taster." say's (3alane "In
the next 10 years. advances in cog-
nitive chips will make neural net-
works large enough to be useful in the
factory."

Such networks can help people
make nonparametnc quality deo-
sions. Visual inspection. for example.
is difficult without a human inspector
looking at a part and deciding whether
it is aesthetically pleasing and
blerrushless. An inspector. hoveer.
can show a neural network connected
to machine vision 5000 good and oat
parts. After adjusting its internal con-
nections. It can then recognize minor
variations and respond to a situation
it has never encountered. much like
the human mind does The more case.

naiad 34 limb is sot .14 arid .a ma be as ainessplain as taxied 24
desoasaal. haw 4116M andel d Ile pad aids. ira tam trawl* a
facsimile Ills is a rapid swelolP Maio. Ina lak 381keiw from SraiMs

Ineseap.441.

MANUFACTURING DIGNEERNYG JANUARY 1.9,2

1 1)

13



fed into the neural
network, the better
it performs cogni-
tive hew-bons.

If a neural net-
work checking

quality on a production line incor-
rectly assesses two parts out of
100.000. a human inspector can show
it those parts and tell it the correct
response. It will then adjust its con-
nections and "learn" from its mis-
takes. "As the computer gets older.
it actually improves." notes Ga lane.
"Conventional programming can't do
anything like that. If it isn't pro-
grammed to handle a condition, it's
useless."

01081 AN UMW
Despite that limitation. Galane

does not expect tradi-
:tonal logical comput
mg to disappear. If
we view minuclung the
human mumd as an
objective of computing
technology, marrying
the logical and cogni-
TAVe parts will be key
because that is how
the brain works. The
brain performs both
parametric (logical)
and cognitive pro-
cessesthe classic
left brain and right
brain model."

Parametric and cog-
nitive tasks will just be
marshalled to the
appropnate parts of
the system. In quality
control. for instance.
counting good and bad
parts would not be rel-
egated to the neural
network. This belongs
to conventional computing.

Sun's Clifford, however. is not
convinced neural networks will catch
on by 2002. "Many companies bought
special LISP machines like the TI
Explorer for Al applications." he
recalls. "You can run those applica-
tions today on a workstation at nearly
the same speed withal! buying new
hardware. Perhaps very high-
performance RISC processors will be
able to emulate this new (neural net-
work] computing technology too."
For dedicated use, though, tie admits
specialized processors may be
necessary.

He also points to a tremendous
untapped capacity for improving con-
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venuonal digital computers. "There
are many things you can do with
easier-to-use expert systems, espe-
cially for diagnostics and quality con-
trol." he says. Because expert tys-
tems are an extension of conventional
programming, they rely on a knowl-
edge engineer to be good at inter-
viewing a human expert and render-
ing that knowledge into rules of
thumb. Because of that tedious task.
the proliferation of expert systems
has been disappointing. but Clifford
expects a breakthrough to automate
acquiring data, organizing it and pro-
gramming the expert system.

Galane argues, however. that neu-
ral networks are that breakthrough.
"The system is only as good as the
programmer is at extracting the
knowledge from the exper and put-

l00% solution, which could require
orders of magnitude more program-
ming. "Fuzzy logic is a misnomer
because the mathematics behind it is
very precise." notes Galane -'The
programmer defines how much 'inex-
actness' you can live with in that
precise mathematical model. It
greatly simplifies the mathematics
for arriving at a decision."

Whether to change a tool. for
example, is based on cutting time.
ambient temperature. and work
material. Except for breakage. there
is no specific point when the tool
absolutely needs changing. Instead.
there is an acceptable window for
changing it. "In applications with win-
dows, fuzzy logic works very well.-
offers Galane. He stresses. though.
that these applications are "much dif-

ferent from control-
ling alarms in
nuclear power plant

Clifford also sees
object - oriented tech-
nology replacing the
more prevalent para-
metric software and
relational databases
Definitions for con-
ventional software
and databases have
little leeway. "In
MRP systems. for
example. you can use

I one or more levels ma
Ibill of materials." he
explains. "but you

Ihave a bill of materials
that links with other
parts of the system in
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of information about
ring it Into rules." he points out. parts. To make a fundamental
"Programming a neural network is change, even something relatively
dramatically different. An expert simple like adding another set of
shows it what is good and bad, and codes to a part number, you change
the network programs itself based on the software everywhere in two or
the expert's assessment." three million lines of code."

Galane and Clifford agree. though. In object-oriented technology.
that fuzzy logic represents untapped modules "inherit" the capabilities of
potential for conventional program- other modules, so modifying the
ming. "Fuzzy logic seems to be head- module that defines part numbers
mg into the mainstream for special- changes it in the rest of the system
purpose processing much quicker, automatically. "A two or three man-
especially in various types of vision year modification might become a two
systems that monitor quality." says man-day effort." reports Clifford.
Clifford. "That fundamental capability allows

Fuzzy logic saves time in applica- building and modifying systems
lions that can accept close-to- faster, and will change the way pen-
optirmisn solutions rather than a ple deal with computer systems."
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FUTURE VIEW
onsider the contrary com-
puter HAL in 2001. A
Space Odyssey. or the self-
replicating microrrachines
that eat computer memory

in Star Trek: The Nest Generation.
Intelligent processing systems such
as these never seem to do what their
manufacturers want them to. The
cyborg in the sa-fi classic The Ter.
ernator is another example. Just when
you start to hate the one man. a sequel
twins hen into a race guy. Unfortunately.
by this time. he's over toe hill. The
creators just uuroduced new ve (and nas-
tier) technology.

Woven through these visions of
the future are bits of reality. For
instance. with the current pace of
technological change. it can take less
than six months for a state-of-the-art
computer to become old technology.
And software viruses can gobble up
monthly production reports in seconds.

Now for the good news. By 2002,
rrucrotobots may crawl through intel-
ligent machining systems, perform-
ing preventive maintenance m areas
previously inaccessible. Smart cars
using mecnatromo systems may auto-
matically adjust for driving condi-
tions. road surfaces. and passenger
preferences. Solar power could become
the cost-effective. environmentally
safe way to fuel many advanced man-
ufacturing processes. such as laser
welding.

Traditional methods of design and
manufacture will give way to concur-
rent engineering ICE) strategies that
target improved communications
between design and manufacturing.
Automakers, aircraft manufacturers.
and even job shops will design for
rnanufacturability These strategies
will strongly influence development
and deployment of advanced manu-
facturing technology well into the
next millennium.

As more manufacturers promote
concurrent engineering. Charles Hull.
president. :ID Systems Inc
(Valencia, CA) predicts rapid proto-
typing technology will playa key role
in helping them sec a product before
committing hard tooling. He adds that
II matches well with the need for (IS

"This broad class of technology.
which I call free-form manufacturing.
allows a wide range of arbitrary
shapes to be quickly formed using
part information generated m CAD
systems."

i:zchak Pomerantz. president.
Cubed Ltd. (Raanana. Israel), sees
the :ethnology used for rapid small-
scale production within five years.
When speaking of rapid production.
he notes you must distinguish
between direct and indirect. The
first method produces parts by
toolless rapid prototyping technol-
ogy. The second entails part pro-
duction using conventional casting
or molding, but relies on patterns
or tools made by toolless rapid
prototyping. Sand-casting foundries
may take advantage of indirect rapid
production this year. Commercializa-
tion of direct rapid production is not
far ofi, with the first applications
showing up in packaging.

Currently, manufacturers wishing
to implement wide -scale rapid pro-
duction face several hurdles. First,
rapid prototyping equipment vendors
must improve part life expectancy
since photopolymer aging and photo-
degradation are more severe reac-
tions in production than in proto-
typing. Increasing equipment uptime
also is critical. In all. Pomerantz
expects another one or two years of
experience. and a couple of genera-
tions of system reengineering must
take place to boost uptime of rapid
prototyping technology to that
demanded by production.

In addition, while current proto-
typing machines are universal. man-
ufacturers will want to tailor produc-
tion systems to specific applications.
Even when we solve these problems.
Pomerantz stresses that companies
will never make parts by rapid pro-
duction techniques if parts aren't
designed for manufacture by the pro-
cesses. This entails training design
engineers about rapid manufacturing
technology He estimates it will take
two to three years for universities to
create this next generation of rapid

manufacturers to shorten design
cycles and improve design quality Tho Editors
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designers. but this is only possible it
the institutions have access to the
rapid production technology

ey Design Intent
For companies planning a move to

concurrent engineering. recent
advances in CAD.CAM. such as
feature-based programming. show
promise. Brent Burns. senior man-
ager of manufacturing applications
Intergraph Corp. (Huntsville. AL,.
explains that today's typical CAD
data file contains graphic entities
describing geometric attributes of a
part or an assembly. CAD:CAM sys-
tems of the future will also include a
large amount of nongeometnc part
information. such as part tolerances
and required surface finishes. provid-
ing complete product models that will
feed downstream manufacturing pro-
cesses. Designers also will be able to
see the impact on manufacturing cost
when they add specific features to a

George Hess. vice president. sys-
tems and planning, Ingersoll Milling
Machine Co. (Rockford. IL). sees
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feature-based programming as a cnt-
teal enabling technology in the
computer-integrated manufacturing
ICBMs environment of the '90s. In
1987. reports Hess. the firm's man-
agement began the transition from
computer-integrated to optimized
manufacturing. This initiative entails
extending CAM to the suppliers and
improving productivity of support
functions such as accounting It also
targets use of a feature-based solids
r,,odeling system from Cimplex Corp.
(Campbell. CA) that will allow defin-
ing both construction and machined
features, such as holes and surfaces.
When operational. the technology
will be the core of an advanced rout-
ing. generative process planning. and
NC programming system

By 2002. operator interfaces to
CAD/CAM systems will extend
beyond graphics-based user inter-
faces to virtual-reality systems. In
the report Forecast of Manufacturing
Trehnologies for the '905. A.J. Vitale.
a consultant with the Automation &
Productivity Institute (Stow. MA).
predicts interfaces will no longer be

bound by fingertip inputs or screen
dimensions. Instead. the computer
will work with the mind and senses of
the user to create a virtual reality.
People will buy mindware. not lust
hardware and software.

The virtualnterface system will
take in sensory input. such as head.
hand, or eye motion, and feed back
sensory output, such as sight and
sound. Using a bodysuit interface.
complete with eye. ear. nose. and mouth
moot/output devices. the operators will
have total sensory contact with the
computer, including capability to
change the virtual environment by
interacting with the system

One benefit of virtual interfaces,
notes Bums. in that designers and
manufacturing engineers on CE
teams will be able to hold a part
electronically. "This edge is too
sharp." "I didn't think the part would
be this light," and "Look. I can snap
this handle oft" are phrases that will
be heard before anyone produces a
physical prototype.

Vitale reports virtual-interface
technology already used in applica-

"Where there is no
vision, the people
perish . . ."

Proverbs, 29:18

lions such as are °win ivsienis
some military nelicopters In mese
situations. the pilot's heimet and slog.
gles connect to the virtual totem.. e
system. which aims the guns w ner
ever that person looks. A company in
England is even selling video arcane
games with virtual interfaces

Virtual-reality systems in manu
factunng will feed off Ni: simulation
systems that include full machine and
tooling data. predicts Burns As a
result. manufacturing engineers will
be able to move an electronic version
of a partially completed product tram
one virtual machine to another

Simulation tools. key to any con-
current engineering program. also
will help reduce the risks associated
with introducing new technology to
the shop floor. Mark Contests engi'
neenng manager for CSI (Troy. MI1.
which provides manufactunng con.
salting and simulation services.
reports the tool is already used to
prove new processing lines. The next
step is to add simultaneous ergo-
nomic analysis.

Current simulations analyse oper-
ator sequences using industrial engi-
neering estimates. According to
Contests. true ergonomic analysis
will evaluate issues such as part
weight, how far the operator must
reach to load a specific too!. and tool
weight. Once processing lines are
operational, line operators or manu-
facturing engineers will be vile to use
the developed simulation models in
shop-floor systems to evaluate how
processing changes will impact
throughput.

"Simulation will also validate using
robots in manufacturing cells." sacs
C011teSD. "Feedback from the simulation
model will provide the basis for the robot
control programming."

Ingersoll Milling extends the ben-
efits of simulation beyond its factory.
The firm is using the technology to



4

31
help the customer
use advanced
manufacturing
technology. tress
reports the firm
offers graphics

training simulators that will help train
operators, programmers, and main-
tenance personnel in use of its
advanced manufacturing technology.
The systems substitute color graph-
ics terminals for the machines, yet
they still depict all machine motions in
real time in response to the NC part
grogram or manual data input com-
mands. So far. results indicate sim-
ulation can reduce training time by
half.

Hess also sees the firm exploring
enabling technologies such as expert
systems to automatically develop NC
programs and solve manufacturing
processing problem;. Other artificial
intelligence (Al) will be implemented
as the technologies mature.
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Adding Intion4gance
Vitale at the Automation & Pro-

ductivity Institute sees Al techniques
used in manufacturing emulating
human performance in areas such as
decision making. natural language
processing. vision. and robotics. Al-
based approaches that will aid con-
current engineering efforts in the
future factory will include knowl-
edge-based systems. fuzzy logic, and
neural networks. Each will have its
strengths in problem reasoning.
Solving some problems may require
hybrid systems.

Knowledge-based systems. often
called expert systems, capture expert
human knowledge an symbols or rules to
provide users with insight on how to
react to situations. According to Vitale.
these systems work best on well-
understood. nondynamic problems
that require precise calculations.

In one example. manufacturers
troubled by fabrication cracking in
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heavy constructions can get help
from a diagnostic system calico
Weldcrack Expert. This microcom
puter software package Crum TWI
,CambrIdge. England) uses stored
knowledge from leading welding
engineers and metallurgists to guide
the user through a series of questions
about a crack's appearance and loca-
tion. From the answers. the system
diagnoses the probable cause.

TWI reports the expert welding
program works well in applications
examining hydrogen, solidification.
reheat. and liquation cracks. in addi-
tion to lamellar tears. It can display
photographs and schematics of weld
microsections and provide operators
with more than 30 digitally scanned.
metallurgical photographs of classic
fabrication cracks. Questions.
responses. and results from each
session can be stored on disk or
printed. Thus allows building a library
of case studies for future reference
when tackling similar problems.

Nevertheless. life isn't always so
simple that manufacturers cart solve
all problems using fixed rules Some-
times. fuzzy logic is necessary. sans
Vitale. This AI technique relies on
fuzzy sets. rather than strict. precise
modeling methods, to deal with
uncertainty. The system differs from
knowledge-based systems in that it
may prioritize some rules and disre-
gard others during optimization
Since output tends to he smooth arc
continuous. this Al technique
becomes a good approach for contra,
of continuously variable systems

Omron Electronics ;Schaumburg.
ILL US subsidiary of Omron Corp
(Japans. is already marketing tuzzi
logic modules for programmable logic
controllers. Expecting the concept to
significantly affect industrial controls
through the decade. the firm made
the concept a high R&D priority As
a result. it projects that at least 30,i
of its products will use fuzzy logic
within three years

During the next lu years. Vitale
sees fuzzy logic embedded in mans
software products without fanfare
Neural networks. however. still
won't see widespread use. These are
based on biological or mathematical
models that loosely imitate the war
the brain functions The dynamic
selfadapting systems can modit,
responses to external forces by rely
trig on prior experience In other
words. neural nets learn Irvin the
past. says Vitale. Each network has
several interconnected processing
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elements function-
mg in parallel
Since information
storage is distrib-
uted throughout.
the network has

no memory Rather. it stores trifor
=non as patterns and weights of
connections between processing ele-
ments. evoking this information
when necessary

Most neural networks are sott-
ware implementations on current
computer hardware Neurocom-
puters. of which there are few. are
neural nets implemented ,11 hard-
ware This computing method dem-
onstrates significant capabilities in
solving problems that are highly van-
able. data intensive. dynamic. and
complex In addition. its neural net-
work is tolerant of ambiguous. Incom-
plete. and conflicting data. Based on
these teatures. neurocomputing may
become an alternative computational
approach for complex applications
,nvolving robotics. vision. industrial
control. and modeling.

Vitale torecasts that neuro-
computers hased on multiprocessor
designs will be available as off-
the-shelf items by '95. Aggressive
manufacturing users will have prac-
tical systems on line ov decade's end.

Mctsatrontes and
Smart Natalia's

Brock Hinzmann. program man-
ager at Stanford Research Institute
International's Business Intelligence
Center Menlo Park. CAL predicts
mechatronic systems will also radi-
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rally alter product design and devel-
opment. These integrate sensors.
actuators. and control [unctions in
one intelligent system to improve
precision. performance. efficiency.
and ease of use. Technology advances
underpinning system development
include the following:

Sensors. Size and weight of tra-
ditional sensors preclude their use
tor many applications. Look for
microsensors. including semiconduc
tor. fiber-optic. and Mosensors to
open up new application areas.

Integrated etre:Ws. Pnceiper-
tormance continues to improve to the
point where 32-bit microprocessors
costing less than 55 are likely to be
standard technology by 95. Working
m concert with the systems. reduced-
instruction-set architectures will
improve real-time processing of large
volumes of information.

Smart power. ICs that combine
power-control switches and logic
circuits on the same chip will allow
designers to reduce system size and
weight, in addition to improving its
reliability

Complementing and enhancing
these technologies are smart mate-
nals that change shape, color. form.
phase. electric fields. magnetic
fields, optical properties. and other
physical characteristics in a pre
,elected response to stimuli in the
environment. Htnzmann sees these
matenals leading to new mechanical
concepts actuators and motors that
operate without traditional mechani-
cal components. such as gears and
pulleys This will help manutacturers
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respond to important trends like
dematerialization )doing tasks witn
less material).

"Smart materials help bridge the
gap between the ability to manipulate
iniormatton and capability to use that
information to direct mecnanicai
action. says Hinzmann. "Designers
v.m1 be able to use the matenals to
simplify products. add teatures.
reduce material use. or reduce tee
expense and complexity tit pros tiling
product variations tor market ruches

The concept of smart structures
'assemblies built with smart mate',
alsi grew out of the special require-
ments at the space program For
instance. there is no natural camping
in space. according to Professor
Uathyanaraya Hanagud at Georgia
Institute of Technology I Atlanta,. 1 .
maintain proper shape. a structure
such as a boom must have sensors
that detect deformations in real time
and actuators that autonomocso.
counteract those deformations

Building on this concept. Hanaguc
recently completed an engineering
study for the Army Research Unice
where he bonded piezoelectric sen-
sors and actuators to slender beam
models of helicopter rotor blades in a
successful attempt to damp vibra-
tions. He plans lumber research an
use of special electrostatic films and
shape memory alloys to produce the
same effect.

The current generation t smart
materials and structures remains
devoid of any adaptive learning
capacity. reports Professor lukesh
V Gandhi at Michigan State l'niver
say i East Lansing). He believes man-
ufactunng engineers should charac
tenze the smart materials for
structural applications by their ability
to respond in real time to changes in
external stimuli, to interlace with
modern microprocessors and solid
state electronics, and to exploit mod-
ern control systems.

Gandhi adds that manutacturers
unit achieve these characteristics
through coherent integration of the
following: a structural material. a

network of sensors, a network of
actuators. microprocessor-based
computation capabilities. and real
time control capabilities. The net-
work of actuators will provide the
muscle to make things happen. the
network of sensors will be the ner-
vous system: structural materials
will make up the skeleton, and the
microprocessor-based computational
capabilities will add the brains that
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ensure good sys-
tem performance.

Take advanced
composites. for
example. Gandhi
and other MSU

researchers are studying smart sys-
tems based on these materials that
use electrorheological fluids embed-
ded in macroscopic voids in the lam-
inates. The fluids include micron-
sized hydrophilic particles sus-
pended in suitable hydrophobic ear-
ner liquids. When subjected to elec-
tric fields. they undergo instanta-
neous reversible changes in material
characteristics. As a result. the com-
posite structures can dynamically
tune their vibrational charactensucs
in real tune by imposing specific elec-
trical fields on the fluid domains. The
voltages required to promote phase
change are typically in the order of
one to four kV per mm of fluid thick-
ness, but because current densities
are in the order of 10 pA per square
centimeter. the total power required
to trigger the reaction is very low.
Fluids typically take less than a mil-
lisecond to respond to the electrical
stimuli.

Future smart materials will be
capable of self - diagnosis, repair, and
learning, notes Gandhi. They also
could have capability to anticipate
problems. An attack helicopter would
then be capable of in-flight structural
surveillance if its rotor is a smart
composite structure. On detection
and measurement of changes in the
rotor's vibrational response charac-
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tenstics. the sensing network would
begin a qualitative and quantitative
damage assessment. It could then
inmate a corrective action. such as
redistributing loads around highly
stressed regions of the rotor struc-
ture to control damage. or even
instruct the helicopter to abort its
mission.

Micromechinss
Also critical for future mecha-

tronic systems is micromachintng
technology. Techniques exist for
producing functional devices or
mechanical parts smaller in diameter
than a human hair. This size allows
placing sensors directly on ICs and
using gears. motors. and a variety of
actuators in micromachines or
microrobots. A recent Mirrnena.
chines technology impact report from
Frost & Sullivan (New York, defines
micromachmer as that consisting of
gears. shafts. and other components
that function in the same general way
as full-scale machinery. One example
is the electric motor developed at the
Berkeley Sensor and Actuator Cen-
ter at the University of California
(Berkeley) The rotor of the device
measures 60 p.m. whereas a human
hair measures 70-100 tam.

Louis Pasteur once said "...the
part played by the infinitely small
seems to be infinitely great." This
becomes more apparent as manufac-
turers explore use of micromachmes
that work in the world of Indivadual
atoms. One atom is Voss.,u the size of
a bacterium. A bacterium is flu on
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the size via mosquito. Elements the
size ul bacteria are in the microwortd.
measured in microns

The laws of physics give micro-
machines some advantages over their
full-scale cousins. according to Hong
Li. PhD. research engineer. Pana-
sonic Technologies Inc )Cambridge.
MM. Mtcrorobots. for example. .6]
have capability to move only a tem.
micrometers at a time Therefore.
they will be significantly more usu.
rate than their toll -scale cousins.

Virtual-reality
systems will feed off
NC simulations that
include full machine

and tooling data

Micromachines also gain advan
tages when you consider Newton':
second law -torte is the product .0
mass and acceleration. Since :nabs is
very small, acceleration will he enor
mous for a given force. For example.
a microscopic silicon air turbine
recently developed rotates at 4.0tkl
rpm using simple silicon hearings

The technologies used to machine
microrobot components will arc
reports Li. with each basing ,prat::
advantages over the others For
example. unlike etching tei. hniques
that can machine only silicon mate.
nal, micro electrical discharge
machining IEDMingi can process any
conductive material. including met-
als. ceramics. and silicon

Micro EDMing also produces a
surface finish around 0 lam R.,.
value Li sass is much higher than
attainable with a laser machine The
process offers better part accuracy
than laser-beam. electron-beam. and
laser-chemical machining In addl.
[ion, roundness of 0.1 tam is possible
and straightness of EDIsled mitre
shafts approaches 0 5 um

According to Frost & Sullivan,
industrial applications being explored
for microcomponents are exact align-
ment of lasers. light detectors. fibers
used in fiber-optic communication.
accelerometers to rolxinc control. and
force-balanced transducers These
components will also form the basis of
micromachines and microrobots

To study mtcrornboi feasibility.
the Artificial Intelligence Lab at the
Massachusetts Institute of Technol-
ogy (Cambndget developed a robot
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one cubic inch in
volume chat htdes
in the dark listen-
ing for sounds.
When all is quiet.
it ventures out in

the direction of the last sound heard.
It then finds a new hiding place. and
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the process repeats Although large
by micromachine standards, the
robot reportedly uses techniques
that may extend to the microrange.

Another MIT robot, called
Genghis. weighs mat 2 lb 10.9 kg, and
looks like an artificial ant. It also was
designed to test the sensing and

intelligence capabtlities ot
microrobots The six forward-
looking, cone - shaped. passive lima-
red sensors are one part of the
robot's sensor package Of tour on-
board microprocessors. two interact
with the motors. one monitors the
sensors, and one runs the
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Smart nal-tine conbeastvthe absTity to afros, ilVtlagnammtiaia- maw& CNC controllers with
the toschine as it operates. compensating for materig. proessemeMbsearcipdaties wilt automatically gen-
wear. or alignment to produce a good par every time tale NC aktesbosaulos port furores. They will also
(simple neural-net operations are expected to bele use perfentadeptivecoard makeming. and process mon-
is the next 10 years) imam be able to cieseemprocese planning. and have

Nontraditional machininglaser processing.. the imelfigame to nuke arras* decisions.
wateriet. and EDM technologies are pea the garage-
shop stage and beconting fully industrialized. Theymay Legless IS. Gillespie. senor project engineer.
make plastics and composites the materials of choice Alrsed-Signe Aerospace Co. (Kansas City, MO):
in some applications because of the ease of Nattolschnologyindiscretapartsthe ability to build
trianufacturabdity they provide. For example, because parts from atoms mecierically placed together to rroke
waterjets and lasers don't get dull, they can produce materiel denser, morecrystalline, stronger, and more
finish cuts in complex and difficult materials. electrically conductive. Few manufacturing engineers

are even aware of this technology.
Dr. V.C. Venitstesh. Center for Manufacturing Desktop stansfecturingprototype parts finished
Research and Technology Utilization. Tersessee Tech- overnight. This will save millions as the range of
ran University (Cookeville): materials expands significantly. The processes will

Material-"incress" 'manufacturing by rapid probably never get much faster than today. but tol-
pram:yang. The word "incress" (from "increscent." erances will improve.
meaning becoming gradually greater), encompasses Process characterization understanding minute
the use of powders. liquids, and solids as source process details and resultant capability. We're still
materials. Powders are used in selective laser trying to catch the Japanese on this in-depth process
sintenng and 3-1) printing. Liquids are key components knowledge is being lost in US industry that we must
for shape melting, fused deposition. ballistic-particle recapture. Even specialty shops do not have the
manufacturing, and liquid polymerization. Solids are expertise to answer customer questions about their
used in melting to remove excess material, gluing of own equipment or processes.
sheets, and polymerization. Deterministic evansfarturisgmorutonnst process

Plastics and new processing techniques. Gas mice- Maracterstics, not part charactensucs. This is the ability
non molding for improved finish and fusible.core inter- to detect when ooe process vanabk changes before a smgle
non molding for weight reduction will gain recognition. had part is produced. instead of relying on statistical
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subsumption architecture that gives
the robot its intelligence. Three bat-
teries fit between the legs, making
the robot self - contained and giving it
more flexibility to roam.

Fkasitirt haft Mon
Should full-scale iron men also
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walk through manufacturing cells?
Researchers at Auburn University
(Auburn. ALi. including graduate
research assistant T.Y. Wang and
Assistant Professor G.J. Wiens.
think so. J.T. Black. PhD. PE. dime-
tor of Auburn's Advanced Manufac-
turing Technology Center. reports

that cell size is constrained by the
working envelope of conventional
stationary robots. Robot process
capability (RPC) also is key This is
basically a function of robot-arm
extension length the further the
robot reaches. the worse as accuracy
and repeatability. Making the robot
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Our industry lacks education. however. Nonesist-
mit apprenticeship programs and an aging workforce
leave U. fumbling and grasping at what Little we know,
about past or existing technologies. In the panic to
produce, there is little time to contemplate new tech-
nologies. The tried and true seems to be the safe path
for most industries. Within 10 years. there will be no
path for those industries. They will have disappeared
in the cracks.

QWhet hew belle the bluest eel[
bletwokep dissopointmenla to stehloweat the
factory of the Mont?

Illemosedinoilwwwo toels)p esteric tools

Joseph J. Baran, director of operations.
Watervliet Arsenal (Watervliet, NY):

With the repeatability and reliability of CNC
machine tools improving (but still with a long way to
gol, variability results primarily from materials and
tooling. The biggest disappointment has been the lack
of integration of sensors. adaptive controls. chip con-
trol. And tool monitonnwmanagement capabilities with
machine tools. These technologies are critical to
reducing variability and moving to limited or untended
workstation environments

Sanjay Joshi. PhD, assistai. wofessor. Depart-
ment of Industrial & Management .aystems Engineer-

IOAMSACI57I1II4G ENGSHEMPIG /A/40AM 1992

Iseagilt P. Eigialwarger, chairman. Transitions
estenthtCarp. (Danbury'. CT):
htsr fait is robotics. and I was there at the begin-

ning. For roe. the biggest ma ndato:1ring technology
disoppaltsnent it the failure of robotics to permeate
production_ Breathe irrespoosible forecasts of media
sensationalism:" and famcial pundits should have come
to paw by now.

Who happened? In the heat of the chase, the giant
latecomers bought in and treated robotics like a com-
modity. After losing prodigious amounts fighting for
market share. GE, Westinghouse, United Technology,
IBM, and such quit, leaving the little guys in disarray.
Japan, with incremental advances, tookand now
dominatesthe industrial robot market. Meanwhile,
no one was hmthoneetally advancing the state of the
art. When I was asked to update my 1980 book.
Robotics is Practice. I downheartedly demurred on the
grounds nothing much had changed in a decade.

If we had made our robots autonomously mobile.
sensate, articulate. and imbued with artificial intelli.
gene. the stand-alone robot worker could have
become reality.

But, not to worry. To perform in service activities.
robots most be more humanlike. That is where the
action is today, and the smarts are right here in the US.
Ten years from now. we m service robotics will
magnanimously share robotic intelligence with manu-
facturing folks who have ',legated robots to being lust
another automation subset.
'Roma orropsent of SME*1 rooag Molosfoofrnoe Expoor. Me
nay moon(
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mobile allows
bringing tasks into
a better RPC
region of the
workspace by
moving the robot

closer to each machine. Designers
have more flexibility to reprogram
robot paths and reconfigure cells.

It is relatively easy to find a mech-
anism. such as wheels. tracks, rails.
legs. and air pallets, to make robots
mobile. In the manufacturing envi-
ronment. however, Black stresses
the mobile mechanism must be effec-
tive. flexible, and low-cost. Further-
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more, the chosen mechanism can't
interfere with existing manutacturing
activities. For this reason, the
Auburn team is using air pallet tech-
nology to help a robot move.

The Auburn mobile robot uses an
air pallet that also has vacuum seals
and is connected to a vacuum pump.
These provide the chucking force
between the robot base and floor
when the unit is stationary. When the
robot must move to a new location. it
grabs a post. turns the air pallet on
and the vacuum off, and pulls itself to
that location. The project. null in its
infancy, is exploring use of vision

Emeripng Technoioitlew A US Report Card
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technology to aid in location.
Robotics also plays a critical role in

a high-power. nonvacuum electron-
beam welding process just developed
by a United Kingdom-based venture.
The partners in Cambridge Power
Beams (CPS). Bristol. England.
were onginally brought together by
the EC Eureka EU83 project to
develop a 25-kW laser. They joined
forces to develop the high-power
nonvacuum electron-beam welding
process under Eureka project EU86

Current arc and laser methods are
=Ambled peneuatmg mach beyond 20
mm into steel. They also waste a lot
of heat that can distort the surround-
mg metal. CPB reports conventional
systems use a beam of electrons that
penetrates up to 300 mm in steel but
require use of a vacuum chamber.
This not only limits the size and con-
figuration of components. tit
increases process costs. The firm's
nonvacuum machine will weld up to
100-mm-thick steel at 500 autumn in
one pass with no distortion. It also
welds complex alloys and dissurular
metals. To prevent oxidation. the
system shields the workpiece with
helium. which produces less beam
scatter than other inert gases. An
electron-beam welding bay. a simple
concrete structure, will shield hard
X-rays.

To take full advantage of the lack
of distortion caused by electron-
beam welding, the robot head carry-
mg the beam will mount on rails to
give stolidity. Leadscrew drives used
in maneuvering will allow weld accu-
racy of 0.1 mm.

Future applications for the high-
power, nonvacuum electron-beam
machine could include cutting, heat
treatment. and chemical processing.
according to partners in the protect.
These include the British firms AEA
Technology. International Trans-
formers, and TWI. in addition to
Denmark's Force Institutes. Interna-
tional Electronics and Manuel Torres
Disenos Industriales of Spain. and
Messer Gnesheirn of Germany.

tiftwalsellatftg with the Sot
In the near future. concentrated

solar radiation may power many of
the high-powered rachat.ve pro-
cesses and impact their design.
Researchers at the National Renew-
able Energy Laboratory (Golden.
CO: telephone: 13031 231-14491
recently demonstrated the feasibil-
ity of processes .itch as solar-
induced surface transformation
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of materials. solar-
powered manufac-
turing. and solar-
pumped lasers.
Sunlight also can
provide an alter-

native method of detoxifying hazard-
ous waste.

The advanced solar manufacturing
research is managed through NREL's
Mechanical and Industrial Technol-
ogy Division. which is dedicated to
bringing American industry practical
renewable alternatives that reduce or
replace fossil-fuel-based energy
sources. John Anderson. program
manager for the solar industrial pro-
gram, reports researchers are
exploring new techniques for manu-
facturing advanced matenals that use
NREL's solar furnace. The furnace.
which began operating in 1990,
allows researchers to study the prop-
erties and applications of very high
solar flux. The facility currently can
produce solar flux densities of up to
50 000 suns 15000 Wicm4).

The solar furnace consists of a
heliostat that tracks the sun and
reflects incoming solar energy onto
the stationary primary concentrator.
which consists of 23 individual,
curved facets. These collectively
focus the solar flux at a point in the
test facility that is just off the primary
axis. The long focal length of the
unman( concentrator produces a Ii)-
cm -dram concentrated beam of
approximately 2505 suns at the cen-
ter of the target area. When a second-
ary concentrator is placed at the beam's
torus. the solar flux can be increased
10-20 times.

These performance characteris-
tics put the solar furnace at the cut-
ting edge of solar industrial process
research, says Allan Lewandowski.
project manager. advanced maten-
als. One advantage the furnace has
over conventional power generation
methods is the capability to produce
very high temperature directly from
the sun. For example. researchers
melted through a r (51-mmi alumina
fire buck which has a melting point
of 1800*C in less than 1 min.
Another benefit is the extremely high
rate of heating made possible by high
solar flux Very thin layers of the
illuminated surfaces can then be
driven to remarkably high tempera-
tures in fractions of a second The
third characteristic is the furnace s
ability to deliver the entire solar
spectrum (from 100 to 2500 nnu
This allows researchers to study
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applications requiring either broad
spectrum radiation or a particular fre-
quency. ranging from the infrared to
the near ufirrnolet.

The key to solar-induced surface
transformation of materials is the
rapid. controlled heating that alters
the surface of a workpiece without
affecting its base properties. NREL
researchers are refining ways to use
solar energy to produce surface mod-
ifications critical to a number of mate-
rials technologies including harden-
ing. cladding. chemical vapor
deposition ICVDI for applications
such as cutting tools. and the manu-
facture of electronic components and
circuitry. Preliminary economic anal-
yses indicate concentrated solar flux,
when used in large-scale production
applications, could produce these
materials at one-half to one-quarter
the cost of production associated with
the conventional radiant methods.

Solar transformation hardening of
steel. for example. is reportedly
competitive with laser-based tech-
niques. Using solar radiation to clad
applied powders to steel substrates
also is generating consider-
able industrial interest.
According to Lewan-
dowskt, this is
because of the
excellent metal-
lurgical bonds
produced be-
tween the melted
powder and sub-
strate. Manufac-
turers can obtain
desirable proper-
ties of an expen-
sive material
such as a super-
alloy by cladding
relatively small
amounts to a less-
expensive sub-
strate base such as
mdd steel.

Solar furnace
technology is well-
suited to CVD because
the surface heating can
be closely controlled.
eliminating the forma-
tion of solid product on
surfaces other than the

material of interest. NREL is inves-
tigating the CVD process tor produc-
non of coatings such as titanium
nitnae and silicon carbide, in addition
to thin hard-carbon films.

Solar-pumped lase-s have been
stuzlied for more than two decades.
but low beam concentrations limited
the conversion efficiencies to approx-
imately 1.. With the upper bounds at
attainable concentration now near
50.000 suns. conversion efficiencies
approach 5%. According to Ander-
son. there is potential to provide both
high power and high efficiency tor
several types of lasers To prove
this. NREL will demo- ;trate a small-
scale. 5W-eificient system mid, ear at
the University of Chicago

Systems such as this will also
have advantages in space and lunar-
surface manufacturing because the
concentrated solar radiation tech-
nology would produce greater efio
ciennes than attainable on earth
Available solar rat iation increases by
:0°4 outside the earth's atmosphere
and the ultraviolet portion of ;he
spectrum expands down to

200 rim. providing more energy
for photolytic interactions

Also. the direct use of
solar radiation would

employ a much smaller
\ solar-collecting sys-

tem because at the
high etficiencica
.nherent its the
technology

In addition to
surface modification
applications. Lewan-
dowski reports
manufacturers sit
space would be able
to use applications
such as materials
joining, welding.

fabricating. repair-
ing, and surface clean-

ing. He stresses the
long-term success at

NREL's R&D projects is
tied to its close working
relationships with industry
and other outside research
organizations The
National Renewable
Energy Laboratory works
with industrial partners

Micro EMI tocimelep through a variety of
develeged by rompasie arrangements. including

Ucheelegkrs roswelwars cost-shared demonstra-
C Mk* IMP pars a twos. joint research

mall Orr St se Ns projects. and cooperative
red horml R&D agreements
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Mr. BOUCHER. Thank you very much.
The gentleman from California, Mr. Packard.
Mr. PACKARD. Thank you, Mr. Chairman.
Dr. Agogino, do you have contact with other engineering educa-

tion coalitions where you can share some of your findings relative
to the engineering design and education program?

Dr. AGOGINO. We've collaborated on a number of projects with
the second coalition out of the first round. The second round of coa-
lition awards I think are just too recent. We haven't established
any collaboration with them yet.

Mr. PACKARD. You mean with other universities that are in-
volved in the Synthesis Coalition?

Dr. AGOGINO. Well, certainly within our own Coalition we're
quite active. We make a point of meeting at each other's institu-
tions and at some common location that may be involved with con-
ferences associated with engineering education like ASEE.

Mr. PACKARD. Have other universities shown an interest in what
your Coalition is doing?

Dr. AGOGINO. Absolutely. I've spent a lot of time traveling to
other universities and conferences to make presentations at their
request.

Mr. PACKARD. What do you do to disseminate the information
that you are gathering?

Dr. AGOGINO. Well, we certainly published a number of papers.
The goal of our Coalition is to create a national computer network
as well, called NEEDS (the National Engineering Education Deliv-
ery System), and that is to be a mechanism for mass transportation
at least of the computer-based curricular materials. But we also
have put a lot of effort into the publications, conferences, links to
professional societies and other linkage activities.

Mr. PACKARD. Thank you very much.
Dr. Bordogna, what does the NSFwhat are their plans to im-

plement the recommendations of the NRC report?
Dr. BORDOGNA. Let me answer that in two ways. I commented

that there are five portions of their report, and Mr. Markovits, this
morning, detailed them, for example, intelligent manufacturing
control. We have programs in each of these and I'll mention a few.
But the purpose is to integrate all of these. We are very concerned
about there being separate efforts and pieces, and the idea is to try
to collect all of this and have an impact in some way.

For example, in intelligent manufacturing control, which is one
of the five real important parts of the "Competitive Edge" report,
we have an intelligent control systems initiative, which is funded,
development of new sensor technologies, which is not funded as
much as it should. This happens to be what I personally think is an
important technology not being attended to properly. For example,
we don't have an ERC in that yet, and that's one reason why we
should have more ERCs. It is a very specific focus. If you talk to
manufacturing people, this is a great need.

To put that in a little more contextsensors are important to
use intelligent machines. Unless you can get the information in the
machine, can't really use its intelligence to make a decision. The
Engineering Research Centers and the Industry-University Cooper-
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ative Research Centers both deal with intelligent manufacturing
control.

Let me just mention a few more. Manufacturing of and with ad-
vanced materials, that's important. There is a material synthesis
and processing program underway now in fiscal 1992 which is new,
sort of as a precursor to the proposed AMP program, the FCCSET
program for next year. And we have a very interesting new an-
nouncementin manufacturing which deals with chemical manu-
facturing. You know, there's assembly manufacturing and also
chemical manufacturing, which has a lot to do with messing up the
environment.

So we have a new announcement called "Environmentally
Benign Manufacturing Processes." And that's important also from
the viewpoint ofwell, two things. The designthe idea is not to
create an environmental engineering initiative in NSF, but to have
the environment considered at the front of every design of any
product. The second important part of that is the front cover of
this announcementhas both the NSF logo and also the Chemical
Research Council, which dealswhich is an industry group which
deals with chemical engineering departments. And inside this an-
nouncement, as a way to try to force more interconnection with in-
dustry, a researcher at the university who would submit a proposal
cannot do so unless there's an intellectual connection, as opposed
to a fiscal connection, with someone in industry.

So, in summary, all these five portions of that report have pro-
grams under them.

Mr. PACKARD. Thank you very, very much.
Mr. BOUCHER. Thank you, Mr. Packard.
Dr. Bordogna, let me inquire a little bit about the additional

ways that the NSF intends to meet the challenges that have been
outlined here this morning and are reflected in the two National
Research Council reports. One of the things the report suggests is
that we encourage what it refers to as a new architecture for learn-
ing in these important fields, and it suggests that maybe what we
ought to have is teaching factories that would be modeled along the
teaching hospitals in which doctors are trained today. In any event,
it's clear that a new architecture of some kind is called for.

Can you tell us a little bit about how your NSF programs are
geared to produce that new architecture, and generally what level
of resources do you intend to devote to that mission?

Dr. BORDOGNA. Well, the enabling work force is a very, very im-
portant component of getting the job done, as well as the enabling
technology and enabling management ideas. So it's a focus.

And you have to realize, which I'm sure you do, that everything
at NSF that's done in research must be done in an educational
mode. The two are connected, and that's a very, very important dis-
tinction of NSF's effort. So we must pay due attention to that.

You've heard about the Engineering Education Coalitions. It's
very, very important that those Coalitions involve industry up at
the front end. This is another paradigm shift. We generally in this
country in academe have developed some nice ideas about research
and education. They've been developed by the faculty in-house.
And then afterwards, after a few years of endeavor they go out to
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our industrial colleagues and say, "Please join us." And this is a
thing we have to change.

All these efforts now bring industry up at the front end, at the
beginning of development of the idea, the program, so they become
party to it. And this may seem like a simple thing, but it's very,
very important to havefor the purpose of having industry in-
volved up at the front end.

The ERCs have this, and the Coalitions have this, and it's not ac-
cidental. This is an important part of what is going on. So the
ERCs and the Coalitions have two important facets: the industry
connection on the front end of developing programs and therefore
being total party to it, and also being available so that the students
have access to industry. This is the way the flow is going. And a
second important facet is both the Coalitions' programs, Education
Coalitions and the Research Centers have the concept of integra-
tion, and I want to bring in and make a forceful point about this.

The real problem as we see it, and I think collectively tooI
have a personal, a strong feeling about this, but I think collectively
in the Nation the reason the ERCs were developed and the reason
the Coalitions program was developed is that we don't in academe
teach integration. We spend our time in academe in this country
it's the great strengthin picking apart topics and teaching very
focused efforts, so people incisively and deeply study something.
And the quintessential end of that is a Ph.D., which is very impor-
tant, leads to Nobel Prizes and should be nurtured. So that, as Dr.
Agogino implied, that all undergraduate curricula, not just engi-
neering, are a collection of courses each of which is disconr acted
from the other.

So an important part of this whole process is to integrate all of
that. And, for an engineer, the reason for being is to construct the
wholeto make things out of something. So engineering science
has been not quite the only thing to do. We've done that very well.
But it's science and it's analysis and it's focused.

So how do you do this integration? Well, one way, as the previ-
ous panel mentioned a couple of times, is in the freshman year
Dr. Agogino's doing this toois to start the engineering process up
front. Have the students involved in how you put things together,
not just in how you take things apart and study piece:: of it. This is
not possible to do without a lot of help from industry.

Now, you asked a specific question about this .thitecture of
having the engineering students do something like the medical stu-
dents do, where they go out and do clinical practice. And interest-
ingly, about 6 or 7 years ago the medical schools began to have
their freshmen, first-year students do clinical practice. They used
to wait till the back end too. Like in engineering we still do. W.
wait until the senior year to do a design project. It's much too late
because the whole idea of design and putting things together is the
essence of engineering.

So we need a turnaround here. In all these programs, and under-
graduate in particular, are to start this process at the front end.
We're going to need a lot of help from industry to make that prag-
matic because there's no teaching hospital at an engineering
school, for example. And there should be no intention to develop
such. But we have to go out to industry and make connections.
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We're not quite sure how to do this, but the flow is that way.
And the most important piece of this is in both the Engineering
Research Centers and the Engineering Education Coalitions. For
example, industry is party to the whole thing at the front end. So
you develop these intellectual connections, and then it's very
smooth and easy and comfortable to go through that interface be-
tween industry and academe.

Mr. BOUCHER. Okay. We are learning, I think, from your pre-
pared testimony today and also suggestions we had received earlier
that this broad and important subject is going to become a part of
the FCCSET process next year. How definite is that? Give us some
sense of how that FCCSET initiative is going to be structured.
What agencies will participate? What specific subjects will they be
inquiring into? And what level of resources will be devoted to it?

Dr. BORDOGNA. Well, I'll give you my personal rendition of
what's going on. I'm in it. I chair a committee right now, the so-
called Taxonomy Development, which is becoming a very generic
committee. So daily there's interaction. And on Thursday we're
having a meeting in which we hope to have some kind of draft con-
text of the whole thing.

There's a vision being developed, and I think the vision is pretty
much what I used to prepare my testimony today. The vision I de-
scribed to you is pretty much the same vision that will be the basis
of the FCCSET initiative.

In brief, the idea is to bring to bear the Industrial Revolution
success of enhancement of muscle power. We've made machines.
We've been able to leverage our physical strength. Now let's lever-
age our mental strength with the Computer Age. So the connection
there is very important.

That is a difficult thing to do because you may drift off and say
that information is the most important thing or software is the
most important thing. But you have to keep in mind that the ulti-
mate objective, and it's going to be of the FCCSET initiative, that
something has to come out the door and be salable. So that's a
very, very important focus on what we're doing.

The FCCSET has as its broad vision, now in the context of what
we do by fiscal 1994 is a bit difficult. So there's a focus now, and
the focus has two parts to it. One iswe don't know the name of it
yet exactly, but something like software technology for manufac-
turing. We have great strength there vis-a-vis our international
competitors. We should take advantage of that.

Can we use that strength to vault us ahead a bit, to make some
kind of jump and bring our national production system into a more
competitive position? So that's a piece of it. But along with that is
somethingwe don't have the title for it, but something like intel-
ligent machines and intelligent equipment, and the process of put-
ting those together on the factory floor. So you might call this
taking the Industrial Revolution capacity for doing things with ma-
chines and coupling it with the Modern Age capacity, which we
have in great strength, of the Computer Age. That's a focus on
what we'reit's a general focus, but now what do we do specially?

We've so far developed a taxonomy, which is a collection of all
the pieces, again, of what we're doing and what should be done.
There will be an inventory taken, the usual kind of procedure. I
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think we're almost there on what that should be. That's a bit of a
complicated process.

We're not sure at all yet what specifically is going to come out of
this in terms of a specific list of programs, but they'll be very simi-
lar to the kind of thing that you see in the fiscal 1993 NSF extra
$25 million. Because these are precursors to what everybody is
thinking about in terms of the FCCSET.

You asked about who's participating. And from the NSF point of
view, it's very critical that we all team together on this. So in this
committee of about 10 or 12 people is DOD, is NASA, is NIST. Inci-
dentally, NIST has been mentioned a couple times this morning
with the first panel. I think it's critical to look carefully at what
NIST has started with these advanced manufacturing centers out
there in regions, in the country. This is the beginning of an idea
which I think can be very, very valuable.

Let me say just vis-a-vis NSF, if you look at NIST and NSF and
other agencieslet's take NSF and NIST as an exampleNSF is
really a research arm. It's also an educational arm of an agency of
the government and it looks a bit out further. It looks more in the
long view. Now, in the FCCSET initiative, we have to see some-
thing in the short view too. It's got to be some more quickening of
how it'sit's timely now and the time is running out. So we have a
short view and a long view here.

In that context, NIST has these centers out there which take
what we know right now, extant technologies, manufacturing tech-
nologies, and the intent is to get them into the marketplace, espe-
cially with small companies, so that the interface between govern-
ment and industry can be made more permeable with these cen-
ters. People liken that somewhat to an agricultural extension.
That's being talked about now. That has some merit in the sense of
getting knowledge out quickly to where most of the jobs are being
created, and NIST is positioned for that. And I think that's a nice
evolving program.

If that's connected, for example, with the rest of usfor exam-
ple, with NSFto make a continuum from where a discovery is
madewe talk of concurrency, by the way. Concurrent manufac-
turing is making sure design and manufacturing is sort of done to-
gether. Now we re expanding that view to what this Nation does
bestdiscovery. So there's concurrency all the way from discovery
to getting some applied research done, the prototype, design, manu-
facturing, production, getting it out the door, recycling it back,
don't mess up the environment closed -loop manufacturing kind of
idea, but all done concurrently. And so in that sense having what
NIST is doing, NSF is doing, make a concurrent linkthat can be
a great kind of impact on how we can move ahead more quickly.

And DOD, NASA and so on have all these talents. So anyway the
FCCSET is moving along, I think, very nicely with a consensus, a
lot of argument among the agencies as to what to do.

Mr. BOUCHER. I heard you refer to some of the individual compo-
nents of it, and you were talking about the advanced software for
manufacturing and some other things. Do I take it that the broad
title of this, the scope of it, is going to be along the lines of what
we're discussing this morning? And that is, better engineering
design ani manufacturing technology generally?
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Dr. BORDOGNA. Yes, I thinklet me say something a little more
detailed about that. I thinkagain, everything that's been said this
morning I agree with fully. I think everybodythere's a team
herethese reports have been out , and these reports all sort of
have the same idea in them; and the competitive edge is just one of
them. I think there's general consensus on what to do, but I think
there's a larger envelope around this that has a lot to do with
making an enabling work force, not just getting something done on
the factory floor, which is imperative, and that's the idea of inte-
gration. I'll bring that back again.

I think the psyche of the country is such that from the time you
go to school until you get out of school and go to work we're train-
ing all and educating all our young people to be reductionists, to
take things apart and investigate them very, very carefully. The
system is set up that way. And very rarely in high school any-
where is any connection made among the pieces of this.

So that we see the FCCSET initiativethe effort to make the
country more competitive in manufacturing, which is critical to
our national wealth creationas a way, also as a vehicle for begin-
ning a new kind of mode of balancing education in the country. Be-
sides being good analytically, which we are, let's develop an inte-
grative mode.

Now, there's a lot ofI use the word "psyche" because our coun-
try dwells a lot on individual performance. There is very little
group or team reward in the country. And this is a difficult thing
to change.

I shouldthere's a lot of connections here. Let me give you one
more connection because it relates to this. The Presidential Young
Investigator Award which, I don't knowAlice, you're one of these,
and there are about 1400 of them? Something like that. There's
over a thousand of these young people out there who've been given
this Presidential Young Investigator Award, and it has been inter-
esting to see how that's developed over the first 8 years of it.

In the beginning it was a way, in the context ofDr. Dieter was
here answering about academe is like. In the context of the classi-
cal academe, that program was started to make the new young fac-
ulty the best, very proficient in research only. Get them up to
speed fast, in a tenure period of 6 years or so, by giving them
enough resources and a distinction, a label which is very prestigi-
ous. That's changed a lot, and now we have two events happening.
The new Presidential Faculty Fellows and a new NSF Young Inves-
tigator Award, which is the same kind .1f program. A little differ-
ent label on it, same number of people. You can't get one of those
now without being equally proficient and have promise for teach-
ing and education as well as research. The teaching and research
and education has a lot to do with integration, again. So that
there's a plot here of trying to develop a different way of changing
the way we educate in this country where we're going to use differ-
ent vehicles to do it, and the manufacturing initiative is one of
those.

Mr. BOUCHER. I'm encouraged to hear the early plans that you
have for this FCCSET initiative, and I would certainly add my en-
dorsement to the idea of this being one of the areas for focus by the
FCCSET process.
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First of all, in further questions along that line, does the admin-
istration generally support this? Have youdoes OSTP add its im-
primatur to this effort?

Dr. BORDOGNA. I'll say it personally. Dr. Gene Wong is on us ev-
eryday.

Mr. BOUCHER. Okay.
Dr. BORDOGNA. There is aOMB, OSTPeveryone is pressing

very hard.
Mr. BOUCHER. Good. And what level of resources do you think

will be applied for this FCCSET initiative? Do you have any esti-
mate of what the total budget number will be?

Dr. BORDOGNA. No, I don't know. It's totally premature for me
especially to make a guess of that because it's going to be a collec-
tive kind of thing. But the inventory will start soon, and we're
going to try to do this quickly, get awe're going to have a rough
cut inventory first, so we can get into the 1994 budget with some
kind of focused initiative.

Mr. BOUCHER. Well, your own program is $104 million for fiscal
year 1993. Assuming you get that level appropriatedthat's what
you asked forI would assume that bringing all these other agen-
cies in would increase that number significantly. So do you care to
give us just a ballpark estimate?

Dr. BORDOGNA. You know Iwell, some have said that the manu-
facturing base in R&D in the Federal Government is somewhere
around $1.2 or $1.3 billion. It's athat's been tossed around. I'm
not quite sure it's come from. People were giving some thought to
this last year because there had been some work going on, and it's
very interestingit's very similar to the advanced materials initia-
tive. It was about 1.3 billion.

And Ianother part of the FCCSETI want to answer your
question, but I want to put another piece to this. A very, very im-
portant part of the FCCSET which may in the endin the long
run be more important than just next year's budget is the fact that
the lines are being blurred between the agencies. There's a lot of
collectivity. People are getting to know each other, and we're get-
ting a good way to look at a collective integrative way of doing this.

I don't know what the investment should be. Icertainly we
couldNSF started off this year with a $75 million request for an
advanced intelligent manufacturing initiative which I think in the
end was too broad-based to start immediately. Let me give you a
context now. So it was throttled down to 25 million, which I think
was correct. So I think, you know, a doubling kind of moneyif
you play out rationally all the programs that are needed, you end
up with something like doubling. But then you have to worry about
starting this, gearing this up for next year.

So, in the NSF thing, the reason it was scaled back was to be
more rational in getting the base going, then advancing from there.

Mr. BOUCHER. We'll look forward to following with interest that
progress, and I'm encouraged to hear that so much progress is
being made on that front.

Let me get you to respond to two suggestions made on the previ-
ous panel. The first of those came from Dr. Jones, and that is that
in your ongoing advanced manufacturing initiative you are not
placing enough emphasis on engineering design. That that needs to
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be highlighted more and that, I guessI guess additional resources
need to be applied to it.

What response do you have to that? And what intentions, if you
agree with Dr. Jones observation, do you have to remedy it?

Dr. BORDOGNA. I'll give you two answers to that. One is yes, I
think we don't put enough emphasis on design. But you have to be
very careful that the design in and of itself has pieces to it. One is
the research piece and one is the education piece, which Dr. Ago-
gino very capably described as to what we have to do in undergrad-
uate education. So, if you collect those two things, you get a differ-
ent kind of answer of how much is being spent.

So we certainly need new Education Coalitions, which I would
add in as the design money we need, because I can't separate the
research. The end result of NSF in the long term is to meld educa-
tion and research. So I can't talk separately about the Coalitions
and the Research Centers.

So I thinkyes, I think generically design has not been consid-
ered an intellectual goal in academe, and we have to change that.
But we're not going to change it, I think, just by going on design.
We're more clever than that. And so the idea of integration and
collectivity and design and manufacturing.

So, yes, I don't think it's enough on design. But, on the other
hand, it's very difficult for us at NSF, on the basis of what I've said
so far, to separate the pieces. You see, we're very worried about if
we pick out a piece and just dwell on that and talk about that in
the context of this must be done. It may be true. But we worry
about having it done in a disconnect from the rest of the thing that
has to be done. So, to us design and manufacturing are critical to
be linked, and that's why the division of design and manufacturing
was set up and not two separate ones.

And I've mentioned about concurrencyone reason it was set up
as it was at NSF is design and manufacturing must be concurrent,
and there is no argument among any of us on that. I think there's
not enough being spent on manufacturing, not enough being spent
on design as entities in themselves. nut it's more important to
make these additions of money in the context of the overall effort.

Mr. BnUCHER. Well, you're giving me a sense of how difficult it is
to heighten the focus on design. But what are the answers to those
problems? I _nean, how do you do it? You're saying you don't want
to disengage it from manufacturing, per se. You're probably right
about that. On the other hand, if it needs more emphasis, how do
we give it more emphasis?

Dr. BORDOGNA. Well, Iit needs more resources to get to a stage
in research that it should be. So I agree with that fully.

Mr. BOUCHER. Do you intend to allocate more resources to it?
Dr. BORDOGNA. Sure. In fact, in the $25 million there is at least

twice as much. And that's, of course, the $3 million and one-half
million kind of argument here. And yes, there's more money allo-
cated, but it's done in the context of the overall idea.

Mr. BOUCHER. There was a suggestion also that in the broad cate-
gory of soft science you are undervaluing the need and are, I guess,
providing something like one million out of your budget of 104 mil-
lion for that. The suggestion was that maybe a 500-percent increase
in that might be appropriate?
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Dr. BORDOGNA. Yes.
Mr. BoucHER. Do you have any comment with regard to the soft

science
Dr. BORDOGNA. I don't know where the one million came from. I

think, again, you have to define what soft science is, and it could
mean social sciences.

Mr. BOUCHER. Well, it isaocial sciences.
Dr. BoanDGNA. Yes. Okay. All right. If that's what you mean, I

can answer that clearly.
This is an important issue, and I mention in my prepared testi-

mony that the appointment of the new head of that directorate is
someone who has done research on the human dimension in manu-
facturing. Now that wasn't trivial. That was a part of that appoint-
ment.

We're very interested in makingengineering at NSF has a very
up front connect with the Social, Behavioral and Economic Sci-
en ces Directorate for this purpose. So we put $1 million in manage-
ment of technology in the fiscal 1993 budget. That's a controversial
thing to do because NSF is not supposed to do management of tech-
mlogy. They're supposed to do hardware kinds of things and re-
search.

So the best way to answer that is no, it's minimal, but it's a foot
in the door. But it's a very, very important issue because enabling
work force, enabling technologies, enabling managementthese
are all the things that have to be put together to do manufactur-
ing.

I would like to put more in.
Mr. BOUCHER. Okay.
Dr. BORDOGNA. I think it's a big, overarching thing we have to

worry about.
Mr. BOUCHER. Well, we've identified the problem, and we'll con-

tinue to focus on that.
Let me inquire of our other two panel members about another

subject that has been raised repeatedly this morning, and that is
the need to have more integration between industry and the uni-
versities in terms of manufacturing technology and engineering
design. How effective are the programs at your universities in at-
tracting industry support? To what extent do you have programs
that exist in conjunction with industry today? And how interested
is industry gene/Tilly in hiring people who have graduated from
your program?

Dr. Solberg, would you care to begin?
Dr. SOLBERG. Yes. Well, of course connection to industry was one

of the explicit objectives of the ERC program. So we've pursued
that very actively from the very beginning, with surprising success,
I think. I was a little surprised at how eager the companies were to
work with a university.

It's not uniform, though. One of the lessons I have learned is
that you have to be cautious about generalizations here. We are
working very successfully with our member companies. Of course,
those are the companies who, have come to us. They're, perhaps,
not representative of Ameritan industry generally. They tend to be
big companies because the big companies can afford to work with
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us, not just financially, but in terms of allocating people to the
effort.

And it's been troubling throughout that we were not really get-
ting to very many small companies, some, but not very many.

As for hiring the graduates, we found that they've been very
eager to get our graduates. I alluded to the study earlier that this
has been a general experience of ERCs. The graduates that have
come out and been employed seem to surprise the companies at
their capabilities. It's very gratifying to get those stories back. It
shows we're on the right track.

Again, though, that's not a uniform experience. There are many
companies that haven't yet awakened up to this need for the team -
player -kind of engineer and are still looking for the specialist. So
it's a mixed message.

Mr. BOUCHER. All right. Dr. Agogino?
Dr. AGOGINO. I've been totally overwhelmed by the support that

we receive from industry. For every one dollar from NSF, we get
three or four times, in terms of just a monetary contribution, from
industry.

In addition, they're enthusiastic. They're so excited that they can
be involved intellectually in changing the direction in undergradu-
ate engineering education. I've been asked to speak in front of the
board of directors of at least three companies so far. We've made
presentations not only at the very high level, but working at all
levels through the companies. They're gettingthey were involved
in our proposal-making process to start out with. When we decided
what problems we want to tackle, we worked with industry to iden-
tify those very difficult problems.

I view, and this is also the view that I received from industry,
that the education of an engineer is really a 10-year period and
that we have to look at the 10-year education. And the university
provides one part of that education. That like the medical school
analogy, the experience in working with industry provides another
part of that, and we need to work together to have an integrated
engineering education policy.

They've not only been involved at the intellectual level in terms
of telling us advice on our programs, but also I think through
working through the Coalition we've seen a kind of collaboration
between industry as well in working with us. At UC Berkeley in
our industrial liaison program for the first time ever, we had a pro-
gram on the Coalition and on undergraduate engineering educa-
tion. And during this tough period in California and the Nation,
travel to go to industrial-type programs at universities are one of
the first things that are cut. We had standing room only at our
presentation. The involvement and the response from industry has
just been overwhelming.

Mr. BOUCHER. Well, that's encouraging to hear.
Do you have the sense that at other engineering schools through-

out the country a similar success story could be told?
Dr. AGOGINO. Well, certainly that's true through the members of

our Coalition. That's where I have the most experience.
Mr. BOUCHER. How many universities are involved in that?
Dr. AGOGINO. There are eight universities.
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Mr. BOUCHER. Okay. This is a pilot program and it's fairly new, I
gather.

Dr. AGOGINO. Yes. There have been major changes. To add to
that point, there are three Historical, Black Colleges and Universi-
ties in the Coalition, and I think that they are getting a level of
attention and response from industry that they would not have re-
ceived if they had not been part of the larger Coalition. So major
corporations are now going and looking at their networking infra-
structure or reviewing the curriculum or looking at their gradu-
ates, and I think that that has been a tremendous impact that
would not have happened if it had not been a collaborative activity.

Mr. BOUCHER. Would you argue, based on that success, for the
application of this program to engineering schools nationwide at
this point?

Dr. AGOGINO. Absolutely.
Mr. BOUCHER. Do you think
Dr. AGOGINO. I think it's important that we should continue

funding more coalitions.
Mr. BOUCHER. Okay. Where do you get your funding from for the

Coalition?
Dr. AGOGINO. Well, the NSF provides the seed money for the

funding. As I said, it's a significant part, I'm sure, of NSF 's budget.
But industry has multiplied that three or fourfold, and our univer-
sities have matched as well. And another part that was unexpected
was the tremendous response from our universities. Thein, again,
tight budget times, I am sure, on all campuses, it is the match to
the Coalition funds that have been preserved, and, in fact, in many
cases increased.

Mr. BOUCHER. Dr. Bordogna, do you share her enthusiasm for the
success of the program?

Dr. BORDOGNA. Well, Dr. Agogino and I are teammates on this,
so we're biased.

Let me just add that there are four coalitions and there are ui.
wardsover 30 schools involved, and two more are coming on line
next year. So it will be about 50 schools involved. And there are
300 engineering schools, more or less, in the country. So that's 50.
And the schools involved are schools, many of which operate under
the old paradigm: You just do your research. And they're given a
signal. They're given an image. So I think this is barreling along
very, very nicely, and I think we're going to have change.

Mr. BOUCHER. Well, should we be trying to apply this to all 300
schools instead of simply 50?

Dr. BORDOGNA. The objective is to apply the philosophy and con-
text of integration to all schools, and that will be a paradigm shift,
but to also allow schools to do it in their way. That's another piece
of this. That different schools in different regions of the country,
different cultures, different makeups, and they should apply this
process of up-front engineering in the freshman year and integra-
tion in their own way.

But yes, the intent is to change the paradigm for engineering
education. It's not a science education. It's an engineering educa-
tion.

Mr. BOUCHER. Do you only have funding to provide the seed
money at these 50 schools? Is it a question of money or is it a ques-
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tion of structure of the program, where you think that this should
be something that's sort of short term and just proved out in select-
ed universities and then just offered as a model to others without
funding?

Dr. BORDOGNA. This relates very much to the question that you
asked previously about the culture, the faculty culture, and how
you get promoted and the reward system. We have to carry this on
for at least a half a generation, maybe 10 years, so that we get in
place who've been rewarded. The young PYIs are involved, so
they're coming along with this new melding of teaching and re-
search. That's the overall grand plan. So at least 10 years mini-
mum is the effort. And it's very difficult to bring the money to
bear on this.

Mr. BOUCHER. Well, if it's working so well at Dr. Agogino's uni-
versity and apparently at othersshe said that her Coalition part-
ners also are enjoying success, and I would assume you are fore-
casting for the balance that would bring the number up to 50
then why stop the funding with 50? If it is successful, why not take
it on to the other 250?

Dr. BORDOGNA. There's no intent to stop the funding. You have
to, first of allAlice, you've been in line about a year.

Dr. AGOGINO. Year and a half.
Dr. BORDOGNA. And the new ones are just starting, the next two.

So that there are two underway for a year, and the next two for
the next year.

Mr. BOUCHER. But why is the pace so slow? I mean why not ac-
celerate the number of universities?

Dr. BORDOGNA. Well, I think we can, maybe in a bit. But this is
an experiment too, and we're learning a lot from the feedback of
this. We're not quite sure how to conduct this program specifically.
We know how to conduct it generally. And so part of the up front
is like a research project.

Mr. BOUCHER. Are you getting any clamor from other universi-
ties saying, "Me, too; I want to be included"?

Dr. BORDOGNA. Well, sure. Sure. We have another announcement
out right now. In fact, I just delayed the receipt of letters of intent
because so many universities are getting together, and they need
more time to collect themselves.

In this new round we're trying something a little different. It is
another experiment. They've been generic before and sort of get to-
gether in big groups. Now we're saying maybe a smaller group of
universities and the focused kind of piece of this might be good.

Mr. BOUCHER. All right. Dr. Solberg, are you participating in
this?

Dr. SOLBERG. I've had some involvement. I'm not sure whether
we're going to be involved in this next round.

Myjust to echo something that he said in slightly different
words. I sense very little disagreement about what needs to be done
either in the research or education area. The challenge is to get it
all together and integrate it. So there are probably many models to
be explored here, and the typical American pluralistic approach
here is probably wise.

Mr. BOUCHER. Well, ladies and gentlemen, I thank you for the
enlightenment that you've provided today. We could carry on this
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subject for a lot longer. I, unfortunately, have another meeting I
have to attend.

We appreciate this panel of witness' contribution to our work.
This is a subject that we will continue to examine. And we wish
you well in your efforts.

Dr. BORDOGNA. Thank you.
Mr. BOUCHER. Subcommittee stands adjourned.
[Whereupon, at 11:30 a.m., the subcommittee was adjourned, to

reconvene subject to the call of the Chair.]
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